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INTRODUCTION 
Man is completely dependent upon plants for food, shelter, 
medicines and the luxuries of life. Each major taxonomic group of plants 
contains several economically important species of which the seed plants 
greatly outrank the other kinds of plants as they are the sources of 
approximately 99% of the man's total direct food supply and because 
they occupy almost the entire cultivated area of the world. About three 
fourth of the total world food supply is drawn from a single family 
Poaceae,(Gramineae), which forms the major source of carbohydrate 
supply. The legume family stands next to Gramineae, as its members are 
the excellent sources of proteins. 
Legumes have been traditionally recognized as an indispensable 
constituents of Indian diet. Pulses contain more proteins (20-43%) than 
any other vegetable products and so are nearer to the animal proteins in 
food value. Carbohydrates, fats and minerals are also the constituents 
of pulses. Legumes are really unique crops in the sense that they have 
built up a mechanism to fix atmospheric nitrogen in their root nodules 
with the help of symbiotic bacterium Rhizobium that is capable of 
utilizing atmospheric nitrogen and converting it into nitrates. They 
enrich soil by adding 20-60 kg of nitrogen per hectare. Besides this, the 
pulse crops possess several other qualities. They help in improving 
fertility and physicochemical characteristics of soil, in mixed or inter 
cropping systems, crop rotations and dry farming. They also provide 
green pods which are used as vegetable by us and as nutritious fodder 
for the cattle. 
In India pulses are being cultivated in an area of 23 million 
hectares with an average production of about 12 million tons per 
annum. At present the national average production of pulses is 6-8 g 
per hactare, which is far less than that of other countries of the world. 
Pulses are easy to grow, mature rapidly and are highly nutritious. They 
are an absolute necessity in countries like India where very large 
proportion of the population is vegetarian. The seeds of pulses are of 
great importance as their low water content and impervious seed coats 
enhance their value for storage purposes and increase their longevity. 
The soil constitutes a complex ecosystem that harbours a wide 
variety of plants and pathogenic organisms such as bacteria, fungi, 
actinomycetes, insects, nematodes etc., which make the soil an open 
biological system. Out of these organisms which inhabit the soil 
ecosystem, the plant parasitic nematodes are the most important 
constituting about 12% of the soil flora and fauna. These are found 
around the roots of plants and are said to play a vital role in their 
growth and production. 
The root-knot nematodes, Meloidogyne spp. are cosmopolitan in 
distribution and occur more frequently in areas with warm and hot 
climates, and short and mild winters. They attack more than 2,000 
species of plants including almost all cultivated plants, and reduce 
world crop production by about 5%. In our country, root-knot 
nematodes attack a large number of vegetable crops causing 
considerable economic losses. The common species are M. arenaria, 
M. hapla, M. incognita and M. javanica, attacking cucurbits, tomato, 
potato, egg plant, okra, chilli, groundnut, as well as leguminous plants. 
The root-knot nematode is a sedentary root endo-parasite. The second-
stage juvenile is the infective stage. It completes its life cycle within a 
month. Meloidogyne incognita is an economically important nematode 
causing damages out doors in hot climates, and in glass houses in 
temperate zones. Over 700 plants species attacked by this species of 
root-knot nematode. Among these, carrot, cotton, cucumber, egg plant, 
okra, tomato etc., are most seriously attacked. Reddy (1985a,b) 
estimated about 40% loss to tomato and pea crops caused by M. 
incognita alone. 
The plants develop a close association with many soil organisms 
especially with fungi and nematodes that may be beneficial or harmful to 
the plants. Certain species of ftingi appear to act as biological control 
agents against Meloidogyne species, but sometimes it is difficult to 
demonstrate convincingly. Although several fungi, bacteria and protozoa 
are known to reduce nematode populations under laboratory and green 
house conditions; on the contrary the results of the field trials have been 
inconclusive and for most of the cases disappointing. The fungus 
Paecilomyces lilacinus has been reported as a potential bio-control agent 
for root-knot nematode (Jatala et al, 1979), which consistently and 
efficiently controls the population of root-knot nematode {Meloidogyne 
spp.) The root-knot nematodes like other pathogens cause alarming 
damages in association with other micro-organisms, though they alone 
are capable of causing severe crop losses. The ability of nematodes to 
interact with other pathogens has been recognized since 1950.'^. 
The purpose of the study is to carry out an extensive survey of 
pulse crop fields of Aligarh and adjoining areas to determine the 
occurrence and severity of plant parasitic nematode infestations along 
with fungi. To determine the economic threshold levels of Meloidogyne 
incognita on pea {Pisum sativum) at different inoculum levels and 
screening of available pea varieties for determing resistance against the 
root-knot nematode. To study the effect of individual and combined 
inoculations, with different inoculum levels of M incognita and fungi on 
pea. To determine the effect of different combinations of pre-, post-, and 
simultaneous inoculations of M incognita, flingi and Rhizobium on 
disease development and plant growth. To find out the effect of integrated 
control of root-knot nematode on pea using nematophagous fungi. To 
study the combined effect of plant extracts and oil-cakes amendments on 
the control of root-knot nematode on pea. To ascertain the combined 
effect of inorganic fertilizers and mixed cropping on the control of root-
knot nematode on pea. To study the efficacy of green manuring, plant 
extracts and nematophagous fungi on the control of root-knot nematode 
on pea. 
^Rfview of Literature 
REVIEW OF LITERATURE 
Goffart, (1932) recored the presence ofr Heterodera trifolii on 
Cajanus cajan and recorded the presence of Heterodera trifolii on 
Cajanus cajan and Koshy (1967) carried out a detailed study on this 
nematode and reported that it represents a new species of Heterodera 
and named it Heterodera cajani. Koshy and Swarup (1971) reported 
the occurrence of H. cajani from the states of A.P., Bihar, Delhi, U.P 
and Rajasthan; Janarthanan (1972) from Tamil Nadu and Siddiqui et 
al., (1989) from Madhya Pradesh. 
Sethi and Swarup (1968) during the survey of four states of 
North-Western India, Delhi, Punjab, Himachal Pradesh and Rajasthan 
described a new species, Tylenchorhynchus phaseoli from the soil 
around the roots of Phaseolus aconitifolium from Bhatinda, Punjab. 
They also encountered T. brevidens around the roots of Cicer 
arietinum; T. divittatus around Phaseolus mungo and P. aureus; T. 
mashhoodi around Pisum sativum and C. arietinum; and T. indicus 
around C. arietinum. In addition to these, Sethi and Swarup (1971) also 
found Pratylenchus loosi around Pisum sativum in Himachal Pradesh 
and P. penetrans around pea from Delhi, Punjab, Rajasthan and 
Himachal Pradesh. Rashid et al, (1973) encountered Criconemoides, 
Ditylenchus, Ecphyadophora, Helicotylenchus, Hemicariconemoides, 
Hemicyliophora, Hirschmanniella, Hoplolaimus, Longidorus, 
Meloidogyne, Merlinius, Paratylenchulus, Pratylenchus, Psilenchus, 
Rotylenchulus, Trichodorus, Tylenchus, Tylenchorhynchus and 
Xiphinema species from the root zones of various pulse crops in Uttar 
Pradesh. 
Mukhopadhyay and Haque (1974) during the survey of Birbhum, 
Burdwan, Bankura, Hooghly, Murshidabad, Nadia and 24-Pargana 
districts of West Bengal reported Tylenchorhynchus zeae on soybean 
and M javanica on cow pea. From different parts of India some new 
species were described which included Telotylenchus tonkiensis from 
around the roots of Phaseolus aureus from Banswasa district Tonk, 
Rajasthan; Helicotylenchulus bihari from the soils around the roots of 
Pisum sativum from Gaya (Bihar), H. sharafati from the soils around 
the roots of Cicer arietinum from Raisen, M.P; Hoplolaimus 
dimorphicus from the soils around the roots of Cicer arietinum from 
Mirzapur, U.P. and also from the soils around the roots of Phaseolus 
aconitifolium from Amer Rajasthan, and two new species of 
/Jo/y/ewc/zM^ (Mulk and Jairajpuri, 1974a,b; 1975a,b). 
Das et al, (1979) during the course of preliminary survey of 
plant parasitic nematodes occurring on pulse crops in Bhubaneshwar 
and nearby areas, found Meloidogyne incognita and M. javanica. From 
the rhizosphere of green gram (Vigna radiata) they found Hoplolaimus 
indicus, Helicotylenchus obunnamai, Tylenchus sp., Tylenchorhynchus 
mashhoodi and Macroposthonia ornata, while M. ornata, Longidorus 
sp. and Caloosia exilis were found associated with Glycine max, 
Arhar {Cajanus cajan). Infestation of H. indicus and Helicotylenchus 
elegans was found on black gram (Vigna mungo); and of T. 
mashhoodi and H. obunnamai on cow pea (Vigna sinensis). 
Meloidogyne javanica, Heterodera sp., R. reniformis,_ Longidorus 
siddiquii and Paratrichodorus mirzai were found associated with 
various pulse crops (pigeon pea, mung bean, urd bean, moth bean and 
cow pea) in the Hissar district of Haryana (Kaushik and Bajaj, 1980). 
They also reported Paraphelennchus amblyurus and a male of L. 
siddiquii for the first time from India, Siva Kumar and Khan (1981) 
described a new species, Scutellonema erectum from Tamil Nadu 
associated with pigeon pea (Cajanus cajan). 
Rotylenchuylus reniformis associated with Cajanus cajan, 
Dolichos lablab, Glycine max and Vigna mungo has been found in 30 
districts of U.P. and 18 districts of Rajasthan states (Khan, 1986). 
Datta et al, (1987) reported Meloidogyne incognita, Tylenchorhynchus 
phaseoli, Hoplolaimus indicus, Heterodera sp., Telotylenchus sp. and 
Helicotylenchus sp. in mung fields from some areas of Rajasthan. 
Concomitant occurrence of Heterodera cajani and Hoplolaimus 
indicus on pea and arhar was reported from Banaras, Ghazipur and 
Balia districts of Eastern U.P. by Ganguly and Khan (1989). Very low 
population of Tylenchorhynchus indicus and some other genera of 
Tylenchidae were encountered in pulse crop fields. 
The following nematode species associated with chickpea and 
pigeonpea have been reported from India as listed in Pulse Pathology, 
Progress Report (Sharma, 1985),: 
1. Chickpea 
Ditylenchus sp., Helicotylenchus dihystera, H. indicus, H. 
retusus, H. sharafati, Heterodera cajani, Heterodera sp., 
Hirschmanniella mucronata, H. oryzae, Hoplolaimus indicus, H. 
dimorphicus, H. seinhorsti, Longidorus, Meloidogyne incognita, M. 
javanica, Paratylenchus sp., Pratylenchus mulchandi, P. zeae, 
Rotylenchulus reniformis, Rotylenchus sp., Tylenchorhynchus 
brevidens, T. brevilineatus, T. indicus, T. mashhoodi, T. vulgaris, 
Tylenchorhynchus spp., Tylenchus sp., Xiphinema americanum. 
2. Pigeon pea 
Aphelenchoides sp., Aphelenchus sp., Helicotylenchus dihystera, 
H. elegans, H. indicus, H. retusus, Helicotylenchus sp., 
Hemicriconemoides cocophillus, Hemicriconemqides sp. Heterodera 
cajani, H. trifolii, Hirschmanniella mucronata, H. oryzae, 
Hirschmanniella sp., H. indicus, H. seinharsti, Hoplolaimus sp., 
Longidorus siddiqii, Longidorus sp., Macroposthonia ornata, 
Meloidogyne incognita, M. javanica, Merlinium sp., P. mirai, 
Pratylenchus sp., P. zeae, Pratylenchus sp., Rotylenchulus reniformis, 
Rotylenchus secundus, Rotylenchus sp., Scutellonema erectum, 
Scutellonema sp., Tylenchorhynchus divettatus, T. goffarti, T. 
mashoodi, T. phaseoli, Tylenchorhynchus sp., Xiphinema lambertii. 
Nematode-Nematode Interaction 
During the course of development, the plants are constantly 
exposed to different levels and complexes of competing pathogens. 
The presence of two or more phytoparasitic nematodes parasitizing a 
single eultivar, is of common occurence in nature (Noling, 1987). The 
nematode community is dynamic and its members are constantly 
interacting with each other as well as other pathogens. Interactions 
among plant parasitic nematodes can be studied ecologically or 
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etiologically as the two are inter-related, and the number of nematodes 
are often correlated with the severity of the disease (Eisenback, 1985). 
Ecologically, nematode-nematode interactions may enhance or 
retard (Chapman and Turner, 1975; Mc Intyre and Miller, 1976; 
Pinochet et ah, 1976; Khair and Osman, 1977), or may have no 
obvious effect on the development or behaviour (Johnson and 
Nusbaum, 1970; Taha and Kassab, 1980) of one or more competing 
nematode species. The effects of such competitive interactions may be 
different for different host plants or cultivars (Sikora et al, 1972). 
Etiologically, interactions between nematodes may be antagonistic 
(negative) (Mishra and Gaur,1981; Anver and Alam, 1989); synergistic 
(positive) (Paez et al. 1976; Eisenback, 1983; Fazal and Hussain, 
1991); or neutral (additive); (Griffm, 1983; Jiji and Venkitesan, 1989). 
In the previous decade Khan and Khan (1990) and Eisenback (1993) 
have briefly reviewed the work done on coinhabiting plant nematodes. 
In nature, nematode-nematode interactions can either be 
interspecific or intergeneric. Only a few studies have been made on 
interspecific nematode interactions. Minz and Strich-Harari (1958) 
were probably the first to report such interactions when they observed 
that one Meloidogyne species dominated over the other. Johnson and 
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Nusbaum ( 1970) noticed that in simultaneous inoculations of M. 
incognita and M hapla, M. incognita penetrated the roots of tobacco 
much faster than M hapla. Meloidogyne javanica predominated in the 
presence of M hapla on tomato and the predominance increased with 
increasing mixed species inoculum levels (Kinloch and Allen, 1972). 
Double inoculation of sugarbeet with M. hapla and Heterodera 
schachtii caused higher galling incidence than single inoculation 
(Jatala and Jensen, 1976). Arens et al, (1981) noticed that the 
population of M. javanica was significantly more than that of M 
arenaria or M incognita in tobacco roots after 2, 4, and 6 days of 
inoculation. After 8^*^  day, the populations of M arenaria, M. hapla 
and M javanica were significantly more than that of M. incognita. 
Combined infestation of M. arenaria and M. incognita on soybean 
showed synergistic growth suppression (Ibrahim and Lewis, 1986). 
Theoretically, there should not be any spatial competition 
between a root hair ectoparasite and another parasite . But competition 
for nutrient, moisture or gases might occur. Bird and Jenkins (1964) 
concluded that the population of Hemicycliophora similis increased in 
the presence of Macroposthonia xenoplax when inoculated 
simultaneously on cranberry roots. The population of Pratylenchus 
projectus was suppressed by Helicotylenchus and Criconemoides 
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similis on soybean (Mc Gawley and Champam, 1976). Reproduction of 
B. longicaudatus increased in the presence of Hoplolaimus galeatus on 
cotton (Yang et al, 1976). Nesmith et ah, (1981) noticed an 
association oi Macroposthonia xenoplax and Scutellonema brachyurum 
on peach tree and concluded that the final populations of the 
nematodes were inversely co-related with each other. Upadhyay and 
Swarup (1981) observed that Merlinius brevidens suppressed the 
multiplication of Tylenchorhynchus vulgaris on wheat when present 
together. 
Generally, the migratory endoparasites are antagonistic to the 
ectoparasites. Host suitability plays an important role in determining 
the nature of relationship. Chapman (1959) noticed that the growth of 
kundland red clover and atlantic alfalfa was significantly reduced by 
Pratylenchus penetrans in combination with Tylenchorhynchus 
martini, while reproduction of T. martini was suppressed by 70-90% in 
presence of i'. penetrans. Johnson and Nusbaum (1968) reported that 
the presence of P. brachyurum increased the population of Trichodorus 
christiei in soybean. Sikora et al., (1972) did not observe interaction 
between T. agri and P. penetrans on creeping bent grass, Agrostis 
palustris. Mc Intyre and Miller (1976) found that T. calaytoni inhibited 
the penetration of P. penetrans on tobacco, when inoculated 
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simultaneously and prior to P. penetrans. Concomitant inoculation of 
Quinisulcius acutus and P. zeae caused greatest suppression of plant 
growth in sorghum than caused by either of them when inoculated 
singly (Cuarezma-Teran and Trevathan, 1985). 
Migratory endoparasites should be highly competitive because of 
the common feeding sites. Host suitability is also important. 
Reproduction of Scutellonema bradys was greatly inhibited in the 
presence Pratylenchus coffeae on guinea yam {Dioscorea rotunda) 
(Acosta and Ayala, 1976), while the reproduction of P. coffeae was 
not affected by the presence of S. bradys. Mixed inoculation of P. 
coffeae and Radopholus similis resulted in mutual suppression of their 
populations on citrus (O'Bannon et ai, 1976). On soybean P. 
penetrans was antagonistic to P. alleni (Ferris et al, 1967). 
The movement of migratory endoparasites may disturb the 
feeding of sedentary endoparasites by disrupting the root tissue. 
Migratory endoparasites, viz., Pratylenchus brachyurus and P. 
penetrans often penetrate faster but their penetration may be inhibited 
by sedentary endoparasites. Estores and Chen, (1970) studied the 
interaction of P. penetrans and M. incognita acrita on tomato and 
noticed that the penetration of P. penetrans was not affected by the 
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presence of M incognita acrita; while the subsequent development and 
reproduction were inhibited. On the other hand, in the presence of P. 
penetrans, the galls formed by M. incognita were smaller and fewer 
than those formed by M incognita alone. Miller (1970) reported that 
P. penetrans and Heterodera tabacum were mutually antagonistic 
towards each other on tobacco. In simultaneous inoculations of 
Heterodera trifolii and P. penetrans on red clover seedlings, neither of 
the nematode affected the invasiveness of the other (Freckman and 
Chapman, 1972). Prior infection oi Heterodera trifolii did not affect 
the invasion of P. penetrans. Griffin (1983) observed that a 
combination of Heterodera schachtii and D. dipsaci significantly 
reduced root growth of sugar-beet. 
The ecto and sedentary endoparasites have different feeding sites 
and they may co-exist without interaction. Yet the relationships 
established are reported to be unilaterally supressive, mutually 
detrimental or even stimulatory. Tylenchorhynchus agri suppressed M. 
naasi on creeping bentgrass, Agrostis palustris by inhibiting root 
growth (Sikora et al., 1972). The presence of Criconemoides ornatus, 
Hoplolaimus indicus and Tylenchorhynchus nudus significantly 
affected the infectivity of M. incognita on brinjal and greatest 
reduction in root-knot development was observed when associated with 
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lance nematode followed by stunt and ring nematodes (Misra and Das, 
1977). Schmidt and Lewis (1981) observed that the population of 
Scutellonema brachyurum increased in the presence of Hoplolaimus 
columbus, but was suppressed by M. incognita. Simultaneous 
inoculation of H. Columbus, with M. incognita or S. brachyrum 
resulted in an increase of H. columbus populations over treatment with 
H. Columbus, population of M. incognita increased in the presence of 
S. brachyurum but suppressed in the presence of//. Columbus; most of 
the larvae of M. incognita did not develop to maturity. The 
combination of Paratylenchus and and Pratrichodorus christiei with 
low number of H. columbus resulted in significant yield responses 
(Rodriguez-kabana and Thurlow, 1982). Taha and Sultan (1977) 
observed that the population of Tylenchulus semipenetrans and R. 
reniformis was inhibited in combined infestations on grape vine. 
Nematode Fungus Interaction 
Nematode- fungus interaction was noted as early as (1892) by 
Atkinson when he observed that Fusarium wilt of cotton was more 
severe in presence of Meloidogyne spp. Since Alkinson's observations, 
the nematode-fungus interactions had received considerable attention 
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on important crops viz., banana, cotton, cowpea, egg plant, tobacco and 
tomato. 
Root-knot nematodes can predispose the host plants to fungal 
pathogens like Fusarium, Phytophthora, Pythium, Rhizoctonia, 
Verticillium and Sclerotium. Goode and Mc Guire, (1967) noticed that 
Root-knot nematode infection pre-disposed tomato plant to Fusarium 
oxysporum, f.sp. lycopersici that are normally avirulent in green house 
tests. In presence of M incognita acrita resistant cultivars of tomato 
were infected by Fusarium wilt and the disease severity was more in 
the presence of nematode both in succeptible and moderately resistant 
varieties than in the absence of nematode (Jenkin and Coursen, 1957). 
In cotton roots infected with F. oxysporum, f. sp. vasinfectum and M. 
incognita acrita, abundant fungal growth in giant cells as well as in 
xylem and the fungus grew well in decomposing cortical and epidermal 
tissue (Minton and Minton, 1963). Increased succeptibility of cotton 
plants to Verticillium alboatrum in the presence of M incognita acrita 
was reported by Khoury and Alcorn (1973). Conroy and Green (1974) 
studied the interaction of root-knot nematode with V. albo-atrum on 
tomato and found increased infection in the presence of the nematode. 
Interaction of M. incognita acrita and Pythium graminicola on 
sugarcane and found a synergistic association and the combinations of 
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both the organisms reduced top growth of plants (Apt and Koike, 
1962). Increased death of soybean seedlings in the presence of M. 
javanica or M. hapla and Rhizoctonia solani was observed by Taylor 
and Wyllie (1959). The interactions of Pythium myriotylum with F. 
solanii, R. solani and Meloidogyne arenaria in pre emergence damping 
off of groundnut was studied by Garcia and Mitchell (1975). They 
found that none of the pathogens alone caused significant amount of 
damping off. Usually non-pathogenic fungi became pathogenic only 
after the root systems were infected with M. incognita (Powell et al., 
1971). 
Information on the interactions of cyst nematodes in fungal root 
disease complexes is limited. Infection of young sugarbeet seedling by 
Heterodera schachtii and Rhizoctonia solani resulted in softening of 
tissue and the fungus spread very fast over the entire seedlings within 
three days. Penetration and establishment of the fungus in cortical and 
vascular tissues was hastened by the nematode (Polychronopoulos et 
al., 1969). Jorgenson (1970) noted a different type of interaction, when 
H. schachtii and Fusarium oxysporum both were present, the damage 
was less than when only the nematode was present. According to 
Adeniji et al., (1975) soybean seedling disease was more severe in the 
fungus {Phytophthora megasperma var. sojae) susceptible cuitivars 
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'Corsoy' and 'Dyer' when both fungus and nematode {Heterodera 
glycines) were present than when the fungus alone was present. 
Migratory endoparasites also increase the severity of some 
fungal diseases. Nath et al., (1974) found, that inoculations of 
Pratylenchus zeae and F. moniliforme reduced the top growth of maize 
with maximum disease incidence. Michell and Powell (1972) found 
inoculation of wilt susceptible and wilt resistant cotton varieties with 
P. brachyurus and F. oxysporum, F. vasinfectum led to wilting in the 
susceptible and not in resistant variety. According to Norton (1958) 
charcoal rot of sorghum was more destructive when P. hexincisus and 
Macrophomina phaseoli were present. According to Inagaki and 
Powell (1969) inoculation of black shank susceptible tobacco cultivars 
'Hicks' with, P. brachyurus and Phytophthora parasitica 
simultaneously or with the former, one week before the fungus 
inoculation, resulted in more rapid development of black shank 
symptoms and more severity of the disease than, when the fungus was 
present alone. According to Bergeson (1963), P. penetrans infected 
peppermint plants pre-disposed to Verticillium albo-atrum and 
diagnostic symptoms of wilt appeared two weeks earlier than when the 
fungus alone was present. However, this did not occur with 
simultaneous inoculation of fungus and nematodes. 
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There are reports that sedentary semi-endoparasites increase the 
severity of the fungal disease. Severity of Fusarium wilt of cotton in 
the presence of Rotylenchulus reniformis was increased (Neal, 1954). 
Kumar and Sivakumar (1981) found that okra plants inoculated with R. 
reniformis before inoculation with Rhizoctonia solani wilted earlier 
than when the plants were inoculated first by fungus. Reduction in 
growth of citrus seedlings by Tylenchulus semipenetrans and Fusarium 
solani was greater when together than when either of the organism was 
alone (Van and Tsao, 1963). 
Ectoparasitic nematodes feed on cells of the root epidermis or in 
the outer cortex or sometimes more deeply close to the stele. 
Hoplolaimus uniformis when associated with Fusarium oxysporum f. 
sp. pisi caused early yellowing in peas (Labruyere et al., 1959). Nath et 
al., (1974) found that Hoplolaimus indicus and F. moniliforme 
inoculated maize plants showed maximum disease symptoms with 
minimum top growth. Rice plants infected with H. indicus were also 
pre-disposed to Sclerotium rolfsii infections (Ramana et al., 1974). 
Nematode Rhizobium Host Plant Association , 
The association of host plant and Rhizobium sp. is a complex 
symbiotic process which results in the promotion of nodulation. The 
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nodule formation plays a vital role in biological nitrogen fixation 
involving a series of enzymes and proteins that function collectively to 
make it effective. A disturbance in any of these components results in 
the suppression of nitrogen fixation. Among the various obstacles, 
plant pathogens are the major threat in limiting the rate of maximum 
nitrogen fixation, and in suppressing nodule formation. The role of 
phytonematodes on rhizobia-iegume associations, including pulses, 
have been worked out by many workers. Interactions of nematodes 
with rhizobia have been reviewed by Huang (1987) and Taha (1963). 
The existing literature reveals that nematode-rhizobia-host plant 
associations are not detrimental always (Hussaini and Seshadari,1975; 
Siddiqui and Hussain, 1992), but also have beneficial effects on 
nodulation and nitrogen fixation (Hussey and Barker, 1974; 1976, Taha 
and Kassab, 1980). 
Histological studies of nodules have revealed that the nematodes 
frequently penetrated the nodular tissue. Baldwin et al., (1979) and 
Yousif (1979) found M incognita in the vicinity of the vascular bundles 
of soybean {Glycine max), Pea (Pisum sativum), horse gram {Dolichos 
uniforus), clover and lupine. The structural integrity of the infected 
nodules was not altered. In soybean-nematode-rhizobia interactions, 
nodulation was found to be influenced by the type of cultivar. The nodule 
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number on soybean {G. max) cultivar Forest was not affected at all by M 
incognita, however on the cultivar Lee-68 the number was considerably 
reduced by the same nematode species (Baldwin et al, 1979). 
Meloidogyne spp. (M incognita, M. hapla, M. javanica) adversely 
affected bacterial nodulation induced by Rhizobium Japonicum in soybean 
(Balasubramaniam, 1972). Meloidogyne hapla, M. incognita stimulated 
nodule formation and growth of soybean and cowpea, but had adverse 
effects on nitrogen fixation (Hussey and Barker, 1974). Nodules of these 
crops were smaller and less efficient in fixing nitrogen and were 
frequently formed on the surface of the galls. 
With an increase in the level of M incognita, there was a 
corresponding decrease in chlorophyll content, number of nodules, 
nitrogen content of shoot and protein content of grains, both in Rhizobium 
phaseoli inoculated and uninoculated plants of Phaseolus aureus. In 
Rhizobium treated plants more galls were recorded over uninoculated 
treatments which might be due to better root system, hence more sites 
were exposed for feeding and development of nematodes (Singh et al., 
1977). Inoculation of Meloidogyne javanica with Rhizobium spp. did 
not affect nodulation on Vigna sinensis, but nodules were formed on 
M. javanica induced galls (Taha and Kassab, 1980). Cowpea plants 
inoculated with both Rhizobium leguminosarum and M incognita 
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showed more severe nitrogen deficiency and retarted growth over 
plants inoculated with nematodes alone or uninoculated plants. 
Nematode invasion reduced the number of nodules and inhibited 
nitrogen fixation by about 63% in nodular tissue {A\i et al, 1981). 
Rhizobium treated seeds of chickpea (Cicer arietinum) showed better 
growth characters than untreated seeds but there was no difference in 
the pathogenic levels in both the treatments (treated and untreated) 
when inoculated with M javanica (Dhangar and Gupta, 1983). With 
the increase in the initial levels of M. incognita, there was 
correspondingly significant decrease in number of nodules in 
association with Rhizobium leguminosarum on pea (Chahal and Singh, 
1984). 
Pathogenecity: Pathogenicity tests are necessary to determine 
the tolerance limit or damage thresholds of a particular pathogen under a 
particular set of environmental conditions for different crop cultivars, as 
it has significant bearing on the development and establishment of disease 
syndrome. Such studies are helpfiil in characterizing fundamental 
relationship between number and kinds of nematodes and crop 
performances. 
Root-knot nematodes {Meloidogyne spp.) have been reported to 
be widely associated with reduction in pulse crop productions. The 
pathogenic effect of Meloidogyne spp. (M incognita, M. javanica) on 
pea {Pisum sativum), cowpea {Vigna unquiculata), green gram {V. 
radiata), chickpea {Cicer arietinum), soybean {Glycine max). Pigeon 
pea {Cajanus cajan) and lentil {Lens culinaris) (Srivastava et al., 1974; 
Catibog and Castillo, 1975; Panda and Seshadri, 1979; Raut and Sethi, 
1980; Gupta and Yadav, 1980); Mani and Sethi, 1984; Pathak et al, 
1985; Tiyagi and Alam, 1987; 1988; Zaidi et al, 1988; Chahal and 
Chahal, 1989; Fazal et al, 1991; Siddiqui and Mahmood, 1992) have 
been intensively studied. 
There was corresponding increase in reduction of the shoot 
length and weight with increase in inoculum levels of Meloidogyne 
incognita on chickpea plant. Maximum reduction was observed at an 
inoculum level of 1,000 larvae per plant. (Srivastava et al., 1974). 
Seedlings of Phaseolus aureus, asceptically inoculated with 5, 15, 25 
and 50 egg masses of M javanica died one month after infection; the 
extent of root galling was found increased with increase in nematode 
inoculum levels (Catibog and Castillo, 1975). Larvae of M incognita 
and M. javanica at an inoculum level of 100 larvae per seedling failed 
to penetrate the roots of any of the six bean {Phaseolus vulgaris) 
cultivars (Kikora, Canadian, Wonder, Masterpiece, Morothan and 
Premier) examined after exposure periods of 12, 24 and 48 hours 
(Ngundo and Taylor, 1975). A population level of 100 larvae of M 
incognita per 500 g of soil was the marginal threshold level for 
producing measurable effects on the growth of cowpea (Sethi and 
Sharma, 1975). 
Studies on the effect of date of sowing in relation to population 
density of M. incognita and growth of three varieties, revealed that 
reduction in shoot growth was maximum at ideal sowing time i.e., 
October followed by September. When sowing was done in November 
and December the extent of damage was minimum probably because of 
low temperature which did not favour infection (Gaur et al., 1979). 
Increase in the level of juvenile inoculum of Meloidogyne species 
resulted in proportional decrease in plant growth, flowering, fruiting, 
and bacterial nodulation in bengal gram (Nath et al., 1979). 
Highest inoculum level (1,000 nematodes per 500 gm soil) of M 
incognita caused significant reductions in length and fresh weight of 
shoot and root of Phaseolus mungo var. PLMS-I. The growth of 
soybean plants was progressively decreased with increase in the 
inoculum level of M incognita (Raut and Sethi, 1980). The effects of 
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different levels of inoculum of M incognita on resistant (CV. Forest) 
and susceptible (CV. Bosseir) varieties of soybean were studied 
when grown in pots of 1,000 and 5,000 cc. It was found that no galls 
were formed on resistant cultivar in all the inoculum levels, while gall 
formation was significantly higher on susceptible cultivars at higher 
levels than at lower levels in small pots (Antonio and Dall, 1982). 
An initial inoculum level of 1,000 M. javanica per plant in small 
pots (15 cm) after 2 months of inoculation and 1,000 and 10,000 
larvae per plant in large pots (25 cm) after 5 months of inoculation 
were pathogenic to Cicer arietinum in sandy, loamy-sand and sandy-
loam types of soils (Dhangar and Gupta, 1983). There was progressive 
decline in plant growth of chickpea with increase in inoculum levels of 
0.5, 1.0, 2.0, 4.0 and 8.0, larvaes of M incognita per gm of soil (Mani 
and Sethi, 1984). One week old seedlings of Phaseolus vulgaris 
inoculated with 0, 2,000, 4,000 and 8,000 juveniles of M incognita per 
plant exhibited that the nematode significantly decreased total carbon, 
hydrogen and nitrogen content and plant dry weight after 8 days, and 
flower, pods, seeds and leaf area after 15 days (Melakeberhan et al., 
1985). They also studied the relationship between physiological 
response of French bean (Phaseolus vulgaris) of different ages to M 
incognita and concluded that photosynthetic rate of the plants 
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inoculated at flower bud stage and trifoliate leaf stages, decreased 
significantly with increasing inoculum levels, 7 days after inoculation. 
An inoculum level of 1,000 larvae of M. incognita per plant 
caused maximum reduction in shoot length of Lathyrus sativus (Thakar 
et al., 1986). The lower inoculum level of M. incognita did not cause 
significant reduction in growth of cowpea but with increase in 
inoculum level there was an increase in reduction in the plant growth 
of cowpea. When Cicer arietinum plants were inoculated with 1,000 
juveniles of M. javanica significant reduction in quantitative characters 
(Khan and Hussain, 1986) was noticed. The length and weight of 
French bean Cv. PDR-4 were significantly reduced at the inoculum 
levels of (10; 100; 1,000 and 10,000 juveniles per pot) of M incognita 
(Dwivedi and Upadhyay, 1988). 
Screening 
Out of 277 varieties or lines of mung bean {Vigna radiatd), 
screened for resistance and susceptibility against root-knot nematode, 
Meloidogyne incognita, only 12 varieties showed resistant response 
(Hussaini and Seshadri, 1976). Out of 36 available varieties of cowpea, 
only 18 varieties were highly resistant against M. incognita while the 
vars. P-1324, P-1327, P-1328, P-1358, P-1383 and T-2 were highly 
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susceptible and showed heavy root galling. The varieties Sel-A, Sel-4-
I, NP-2 and cream pea were moderately susceptible and varieties P-
1343, P-75 exhibited light infestation (Sharma and Sethi, 1976). The 
Screened 37 varieties of wing bean {Psophocarpus tetragonolobus) for 
resistance to M incognita, revealed that LBN C3 was moderately 
resistant, EC-38957 moderately susceptible and the remaining ones 
susceptible (Singh et al., 1979). All the cultivars of mung were 
susceptible to M. incognita to varying degrees. Among the varieties 
tested the highest infestation was observed in cultivars culture-1, No. 
68 and soona mung, while cultivars B-1, PS-16, Kahalekhola and ML-
131 were less susceptible (Das and Phukan, 1982). Different cultivars 
of blackgram {Phaseolus mungo) green gram (Phaseolus aureus) and 
cowpea {Vigna catiang) were screened for resistance or susceptibility 
to Meloidogyne species which showed that the varieties of all the three 
crops were infested with M incognita (Gnanapragasam, et al., 1985). 
Out of 55 chickpea varieties or selections, screened against M. 
incognita only, one variety (No. 501) was found to be resistant, 18 
were moderately resistant while all the others were either susceptible 
or highly susceptible (Mani and Sethi, 1985). Except variety, WBJ-6 
which was moderately resistant, the remaining 13 varieties of winged 
bean were all susceptible to M incognita (Phukan and Hazarika, 1985). 
28 
Seventeen varieties of green gram {Vigna radiatd) were evaluated for 
root-knot resistance during 1983-84 and 16 lines during 1984-85 (9 
cultivars being common). The least gall index was observed in variety 
T-44 (1.6) with an average of 2 egg masses and 20.88 eggs or larvae 
per plant, and this variety was considered resistant. The varieties TAP-
7., K-851., ML-62 and PDM-14 also exhibited resistant reaction, 
whereas cultivars ML-5. ML-80, TT-8E, ML-3, Hyb 12-4 and TT-PE 
showed moderate resistance. Maximum gall index was recorded in 
varieties Pot. 101(5.0) and PS-16(5.0). However, V-1163 supported 
maximum number of eggs or larvae (4441) per plant with a gall inedex 
of 4.6; other varieties showed susceptible to highly susceptible reaction 
(Das et al., 1986). Out of 219 varieties of mung bean screened for their 
susceptibility to M. javanica, none was found resistant but 15 varities 
exihibited moderate resistance (Gupta et al., 1986). None of the 62 
cowpea varieties were resistant against M javanica however, C-24, 
GC-11, GC-17 and GC-3 (average gall index-2.3) exhibited moderate 
resistance (Jain and Bhatti, 1986). Nagauma and Saka (1986) tested 20 
locally developed races of pigeon pea against M. javanica and found 
that 1, 27, 29, 32, 34, 45, 60, 63, 70, 80, 82 and 112 were resistant; 6, 
24, 28, 72 were immune; and 49 and 81 were tolerant. These 20 races 
could be grown in soil infested with M. javanica. The variety JP-169-
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1, out of 37 varieties of pea were screened for resistance to M 
incognita infection, was highly resistant, 8 varieties JP-861, JP-179, 
DMR-1, DMR-2, JP-868, JP-14 and Bahi Brown were moderately 
resistant while the remaining varieties were either slightly resistant or 
susceptible (Ravichandra et al, 1987). Of the 14 varieties of horse 
gram {Dolichos biflorus) tested against M. incognita, the varieties 
Kalarahang BGM-1-1-8-3, K-42 and Kuruvai were resistant while vars. 
BGM-1 and VZM-1 were moderately resistant and the remaining ones 
were susceptible to highly susceptible (Routaray et al., 1987). 
None of the varieties of both chickpea {Cicer arietinum) and 
fenugreek XTrigonella faenumgraecum) were found to be immune or 
resistant to M incognita and M javanica. Out of 17 chickpea varieties, 
only Phule G5 was moderately resistant to the nematodes while the rest 
were susceptible. In case of fenugreek all the selections except Sel-15 
were susceptible (Thakar et al., 1987). 
Twenty six varieties of pigeonpea and 30 varieties of green gram 
were tested against M. incognita race-3, none of the varieties was 
found resistant to M incognita. Of the 26 varieties of pigeonpea tested 
11 were found to be moderately resistant and the remaining varieties 
susceptible and highly susceptible. Green gram varieties viz., PDM-30, 
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PDM-32, PDM-40, PDM-44, PDM-45, PDM-50, PDM-55, PDM-61, 
PDM-69 and PDM-70 were observed to be moderately resistant, 11 
varieties were susceptible and remaining were highly susceptible 
(Darekar and Jagdale, 1989). 
In Himachal Pradesh Salvia officinalis aned Glacium flavum 
were found to be susceptible towards M. incognita (Khan and Sharma, 
1996). The rhizosphere of Ammi visnaga, Costus speciosus and 
Solanum indicum grown in experimental field, revealed the presence of 
various nematode species including J2 of Meloidogyne sp. (Pandey and 
Haseeb, 1997). Roots of Heracleum candicans infested with M. 
incognita showed large sized galls, without lateral roots which gave an 
irregular appearance to the roots (Khanna and Meenu, 1997). In 
Yunnan Province, China M. incognita constituted 63.88% of total 
nematode population in annual banana plantation 75.16% in biennial 
plantation, and 52.1% in perennial plantation. The studies further 
indicated that M. incognita population fluctuation was closely related 
to the average monthly temperature and rainfall (Li et al., 1998). 
A field experiment carried out to evaluate the efficacy of 
parasitic fungi, Paecilomyces lilacinus and oil cakes of castor, neem 
and pongamia at 2 kg per m^ either singly or in combination for the 
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management of root-knot nematode infecting tuberose revealed that the 
split application of P. lilacinus in combination with oil cakes 
significantly reduced root gall index, root and soil populations of M 
incognita and its multiplication rate (Nagesh et al., 1998). The 
dynamics of M. incognita population was studied at different depths 
from rhizosphere of severely affected mulberry (Morus alba) trees in 
Mysore, Karnataka, India. A significantly higher nematode population 
was recorded at a depth of 15-30 cm (41.16%) than at 0.15 cm 
(22.06%); very low population was recorded at 75-90 cm depth 
(02.34%) (Sharma, 1998) 
Colonization for 38 isolates of nematode trapping fungi 
representing 11 species have been evaluated. Jn an initial screening 
Arthrobotrys dactyloides and Monacrosporium ellipsoporum were not 
frequently detected in the tomato rhizosphere. In subsequent pot 
experiment these fungi and non-root colony were introduced to soil in 
sodium agitate matrix and tested both for suppression of Meloidogyne 
incognita and M. javanica and establishment in tomato rhizosphere 
(Perrson and Jansson, 1999). Some rhizosphere samples were collected 
at 15-45 cm depth from throughout the Meerut region of U.P. (India) to 
study association of nematodes with the multipurpose tree species 
Leucaena leucocephala and Albiziaprocera. Root knots nematodes, M. 
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javanica and M incognita were present in 55% of samples; root knots 
were prominent on infested roots (Singh, 1999). 
A survey of turmeric fields conducted in Coimbatore and Periyar 
districts of Tamil Nadu, revealed the presence of Meloidogyne incognita 
alongwith other nematodes. Meloidogyne incognita showed the greatest 
increase with crop age (Poomima and Sivagami,1999). Eight counties of 
the Cauca valley, Colombia were surveyed for plant parasitic nematodes 
and seventy two samples of rhizosphere soil and roots of Solanum 
quitoense crop were collected. Meloidogyne spp. were found in 90% of 
soil samples, and in 83% of root samples. Meloidogyne showed the 
highest populations with 3.4 individuals per 100 cm of soil sample and 
27.1 individuals per gram of dry roots. Parasitism was assessed under 
green house conditions using M incognita race-2, M javanica and M 
arenaria race-2 at 2,000, 5,000 and 10,000 eggs per plant. Meloidogyne 
incognita race-2 was the most aggressive species of lulo crop (Corrales et 
al., 1999). An investigation was carried to examine the effect of soil 
application on Paecilomyces lilacinus, Gliocladium virens, Pseudomonas 
flourescens PRS-9, Bacillus polymyxa and pesticide (aldicarb+thiram) 
against a disease complex caused by M. incognita and Fusarium 
oxysporum f. sp. lycopersici on growth and yield of tomato in field plots. 
Application of P. lilacinus and G. virens significantly enhanced the plant 
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growth and yield, of nematode and fungus and infested plants 
respectively. Greatest enhancement of plant growth and yield of 
nematode flingus infected plant occurred with P. fluorescens followed by 
pesticides and G. virens or P. lilacinus (Khan and Akram, 2000). 
Long term microbial shifts associated with the use of Velvet bean 
{Mucuna decringiana) were examined in rotations to control M 
incognita, M. arenaria and Heterodera glycines. Use of Velvet bean 
altered the microbial communities, the rhizosphere and the soil (Vargas-
Ayala et al, 2000). Fluctuations in the population of M incognita were 
encountered in the rhizosphere soil and roots of ornamental plants in 
Lavras, Minas Gerais, Brazil. The second and third stage juveniles of M 
incognita fluctuated during the study period, but it was greatest in 
February and March (Costa et al., 2001). 
Bacillus cereus and B. subtilis were evaluated for the control of 
M incognita infestation on chilli {Capsicum sp.) cv. Col, and brinjal 
(auberginic) cv. Col plants. Bacterial treatment in non infested plants 
resulted in better plant growth compared to non-bacterial treatment 
(Rajendran et al., 2001). The development of Verticillum 
chlamydosporium a facultative parasite and rhizosphere colonizing 
fungus was reviewed, as a potential bio-control agent against root-knot 
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nematodes, M incognita, M. javanica and M. arenaria (Kerry, 2001). 
An experiment in Coimbatore, Tamil Nadu was conducted to 
investigate the changes in the enzyme activities of banana as affected 
by M . incognita, either alone or in association with egg parasitic 
fungus Paecilomyces lilacinus. The results indicated that the induced 
enzyme activity in the root system was instrumental only with M. 
incognita (Devrajan and Seenivasan, 2002). Tomato plants exhibited 
root rot {Rhizoctonia solani) symptoms in aerial parts showed M. 
incognita galls in roots. The rhizosphere of infested plants revealed the 
presence of R. solani, alongwith some sporophytic fungi. Fungal 
isolates except R. solani exhibited nematode egg parasitism (70-80%). 
Fungal flora was less diverse in R. 5o/a«/-dominated rhizosphere 
(Goswami et al., 2002). An in vitro experiment was conducted in 
which 4 egg masses of almost equal size containing 500-600 eggs of 
M. incognita were placed in 10 isolates of Streptomyces spp., isolated 
from composts and rhizosphere soil samples. All 10 isolates inhibited 
the emergence of juveniles from eggs of M incognita by 8.5-84.9%. 
with maximum inhibition being recorded from Streptomyces sp. S-7, 
obtained from rhizosphere of sugarcane (Chahal and Chahal, 2003). 
Twelve fiingi were isolated from egg masses of M incognita infesting 
the roots of pointed gourd. The frequency of occyrence of the fungi in 
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the egg masses, at different locations in Faizabad and Sultanpur, India 
was calculated (Khan and Verma, 2003). A field experiment was 
conducted in Karnataka, India, in which Pochonia chlamydosporia and 
Trichoderma harzianum alone or in combination, were applied as 
Neem based formulations before and after plantation of polyenthus. 
The soil was infested with M. incognita and Fusarium oxysporum f. sp. 
dianthi. Combined applications of bio-control agents at 40 gm each 
significantly decreased the incidence of nematode and the fungi, and 
increased the number of florets per spike and spikeplot (Rao et al., 
2003). 
A survey was conducted in the Parbhani districts of 
Maharashtra, India, which revealed the predominance of Meloidogyne 
incognita in okra field which was associated with stunted growth, 
yellowing of leaves and temporary wilting in okra (Bhosle et al., 
2004). Host preferences at sub-specific levels were demonstrated, an 
isolate of fungus Pochonia chalmydosporium collected from M. 
incognita, was much more abundant in the rhizosphere of healthy 
potato and tomato plants as well as root-knot nematode infested plants, 
than one collected from potato cyst nematode (Kerry et al, 2004). An 
in-vitro experiment was conducted in which culture filterates of 
Pseudomonas flourescens strain CHAO and its diacetylphloroglucinol 
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(DADP) inhibited egg hatch and induced mortality of M. incognita 
juveniles (Siddiqui and Shaukat, 2004). 
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MateriaCs ancC Metfiocfs 
MATERIALS AND METHODS 
Collection of Samples 
During the course of investigation an extensive survey of the 
pulse crop fields at Aligarh and adjoining areas will be carried out for 
the collection of nematodes and associated fungi. Soil samples will be 
collected from the rhizosphere of the crop plant with the help of trowel, 
spade or shovel from the depth of about 15-25 cm. Sampling will be 
done randomly from 10-12 different places of an average sized field. 
The sub-samples will be mixed together to obtain a composite sample. 
Roots of the crop plant will be carefully lifted along with the soil 
samples and placed in polyethylene bags. The samples will be carefully 
numbered. In a separate note-book the supporting data about the host, 
locality, date of collection, disease symptoms, extent of damage etc., 
will be jotted down. The bags will be tied with rubber bands. The 
samples will be transported to the laboratory and will be properly 
stored at 8-lO^C until processing for nematode extraction. 
Extraction of Nematodes from Samples 
From each polyethylene bag, about 250 gm of soil will be 
transferred to a plastic bucket. The soil lumps will be broken down 
gently and soil suspension will be made by adding one litre of tap 
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water. Stones and debris will be hand picked and removed. More water 
will be added to the suspension. It will be stirred vigorously and left 
undisturbed for about 15-20 seconds for allowing heavy soil particles 
to settle down. This suspension will now be transferred into another 
bucket through a 25 mesh sieve. More water will be added to first 
bucket and the same process will be repeated. The residue left over the 
25 mesh sieve will be discarded. The filterate so obtained will be 
passed, in the same way, through 100, 200, and 400 mesh sieves, 
separately. The residue left over 400 mesh sieve will be collected in a 
250 ml beaker by washing the sieve with the help of wash bottle. 
The suspension so obtained from 400 mesh sieve will be poured 
into a small coarse sieve (10 cm diameter) having double layered tissue 
paper. The sieve will be placed over a funnel provided with a rubber 
tube and clip, filled with much water that just touches only the lower 
brim of the sieve. This assembly (Baermann's funnel) will be allowed 
to remain undisturbed for 24 hrs during which the motile nematode 
species will riggle out into the water of the furmel. The nematode 
suspension will be collected from time to time and then examined 
under stereoscopic microscope. 
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Extraction of Cysts from the Soil Samples 
About 250 ml of soil from each sample will be processed by 
modified can method for cysts extraction. Firstly, the apparatus will be 
filled with water and then soil sample will be placed over the sieve of 1 
mm pore size, fitted at the top of can. With the aid of water current 
flowing through the tap nozzle, the soil will be washed into the 
apparatus through the funnel. The debris and coarse material will be 
left over the top sieve and the heavy soil particles will settle down at 
the bottom of the apparatus. The cysts will remain floating over the 
water and will be collected over 100 mesh sieves. The residue so 
obtained over 100 mesh sieve will be collected in a beaker. The cyst 
and the debris will be filtered over the folded Whatman filter paper 
kept over the funnel. The filter paper will be examined under the 
stereoscopic microscope and the cysts if present will be collected in a 
watch glass having few drops of water. 
Extraction of Nematodes from Roots 
The roots will be carefully washed and examined under 
stereoscopic microscope for the adhering nematodes, and for the 
disease symptoms. The washed roots will then be cut into small pieces 
of 1-2 cm and macerated in an electrically operated Warring blender 
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containing about 100 ml water. The blender will be operated for 15-20 
seconds at full speed and macerate thus obtained will be collected in a 
beaker. Later on it will be filtered through a coarse 25 mesh sieve and 
filterate obtained will be examined for nematodes under the 
stereoscopic microscope. 
Killing and Fixing 
The nematode suspension in a 50 ml beaker will be left 
undisturbed for about 1 -2 hrs enabling the nematodes to settle down to 
the bottom of the beaker. Excess water will be carefully decanted. 
According to the process discussed below the killing and fixing will be 
done simultaneously. 
Double strength TAP mixed with approximately double the 
quantity of nematode suspension will be heated in a test tube over a 
water bath till water droplets appear in a test tube. The TAP will be 
prepared with the following composition:-
Formalin (40% Pormaldehyde) - 7 ml. 
Triethanolamine - 2 ml. 
Distilled water -91ml . 
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This heated TAF will then be added to the nematode suspension 
which will kill the nematodes immediately and fixation will occur. 
This suspension will be stored in a glass or plastic vial for further 
processing. 
Permanent Mounting 
Already killed and fixed nematodes will be transferred to a small 
amount of plain lactophenol in a cavity block. The lactophenol will be 
prepared with the following composition: 
Liquid phenol - 50 ml. 
Lactic acid - 50 ml. 
Glycerine - 100 ml. 
Distilled water - 50 ml 
The cavity block will then be transferred to an incubator for 5 
minutes at 55°C after which a drop of dehydrated glycerine will be 
added to it. Similarly after another 5 minutes a drop of glycerine will 
be added and the cavity block will be taken out from the incubator after 
10 minutes. In this way the constituents of lactophenol will evaporate 
and the nematode will be left in pure glycerine. The cavity block will 
then be transferred to a desiccator till processing for mounting. 
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For mounting, a small droplet of dehydrated glycerine will be 
put in the centre of the glass slide. Four or five specimen of the same 
nematode species, will be transferred to the glycerine droplet with the 
help of bamboo splinter or one haired brush and pushed to the bottom 
of the droplet without doing any damage to the nematode. Three small 
pieces of glass wool fibres approximately of the thickness of nematode 
will be placed redially and peripherally in a glycerine drop before 
placing a round (18 mm) coverslip over the nematode in a glycerine 
droplet. Before the coverslip is lowered over the nematode, it will be 
cleaned, gently moved over the flame and then a droplet of dehydrated 
glycerine will be put on it. This avoids the air bubbles to remain in a 
glycerine drop within. The edges of the coverslip will then be sealed 
with glyceel. 
Test Plant and Test Pathogen 
Throughout the course of investigations Meloidogyne incognita 
(Kofoid and White) Chitwood will serve as test pathogen and pea 
{Pisum sativum) will be taken as test plant. 
Preparation and Sterilization of Soil Mixture 
Sandy-loam soil will be sieved through 16 mesh sieve and mixed 
with sieved river sand and organic manure in the ratio of 3:1:1, 
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respectively. It will be used throughout the course of investigation. 
Fifteen centimeter diameter earthen pots will be filled with this soil 
mixture at the rate of 1 kg per pot. Each pot, just before transferring to 
an autoclave will be poured with a little amount of water so that the 
soil will get moistened. The pots then will be sterilized in an autoclave 
at 20 lb pressure maintained for 20 minutes. The sterilized pots will be 
allowed to loose its heat at room temperature so that they get cooled 
down before being used for experiments. 
Raising And Maintenance of Test Plants 
Seeds of test plants, surface sterilized with 0.1% mercuric 
chloride for 2 minutes and washed in sterilized water thrice, will be 
bacterized by treating with Rhizobium strain of pea just before sowing. 
For bacterization, 5% sucrose solution will be used as sticker. After 
bacterization the seeds will be allowed to dry at room temperature and 
then will be sown in each sterilized pot at the rate of 5 seeds per pot. 
Later on after germination, thinning will be done so as to maintain only 
one healthy plant per pot. Depending upon the requirement of plants 
watering will be done. When the seedlings will be two-week old, well 
established and healthy, they will be used for carrying out the 
experiment throughout the course of study. 
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Raising and Maintenance of pure Culture of Nematodes 
The pure culture of Meloidogyne incognita will be raised on pea 
plants using single egg mass collected from the heavily infected pea 
roots. The egg mass will be surface sterilized by treating it with 1:500 
aqueous solution of chlorox (Calcium hypochlorite) for 5 minutes. The 
treated egg mass will then be washed thrice in distilled water. The eggs 
in egg mass will be allowed to hatch on a coarse sieve with double 
layered tissue paper, at 27°C under aseptic conditions. The sieve will 
be placed in a petri dish containing so much water that only the lower 
brim of the sieve touches it. Pea seedlings grown in 15 cm diameter 
earthen pots containing sterilized soil will be inoculated with 2^^ stage 
juveniles so obtained. For the identification and verification of species 
a slide of the perineal pattern of the same female from which the egg 
will be picked will also be prepared. 
Preparation of Nematode Inoculum 
To prepare the inoculum of root-knot nematode, large number of 
healthy egg masses will be picked up with the aid of sterilized forceps 
and needles from the roots of heavily infected pea plant on which the 
pure culture would have been developed. These egg masses will be 
washed with distilled water and then will be placed over a sieve having 
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double layered tissue paper for hatching. This sieve will be placed over 
a funnel provided with a rubber tubing having a stop cock at the stem, 
containing water. The water level will be so adjusted that it just 
touches the brim of the sieve. For obtaining large number of second 
stage juveniles for inoculation, a series of such assemblies will be 
made. After a lapse of 24 hrs the nematode suspension will be 
collected from the funnel stem by removing the stop cock in a beaker 
and fresh water will be added to the funnel. 
Water suspension of nematodes will be thoroughly stirred to 
obtain a homogeneous nematode distribution before taking 2 ml 
suspension in a counting dish for counting the number of nematodes 
from sample under stereoscopic microscope. An average of 5 counts 
will be made to determine the nematode density in the suspension. 
The volume of suspension having nematodes will be so adjusted 
that each ml contains 100+2 nematodes. This will be obtained by either 
adding more water or by decanting the excess water depending upon 
the situation, so that 10 ml of suspension may be poured into each 
earthen pot to provide the required amount of inoculum level. 
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Inoculation Techniques 
Two week old pea seedlings, will be inoculated with 1,000 
nematodes of M incognita throughout the course of these 
investigations. Prior to inoculation, feeder roots of the seedlings will 
be carefully exposed by removing the upper zone of soil and then the 
required quantity of nematode suspension will be poured uniformly all 
around the exposed roots using a sterilized pipette. Immediately after 
inoculation the exposed root zone will be covered by levelling the soil 
properly and carefully. Each treatment will be replicated five times and 
watering will be done after every 24 hrs depending upon the condition. 
Isolation of Nematophagous Fungi from Soil 
The nematophagous fungi will be isolated from the rhizosphere 
of pea. A serial dilution technique will be employed to isolate the fungi 
on PDA containing petri-plates. These petri-plates will be incubated at 
25±2°C for 10 days. The fiangi developed on petri-plates will be 
examined and identified. The focus will be concentrated on 
Paecilomyces lilacinus, Cladosporium oxysporum, Gliocladium virens 
and Talaromyces flavus as these are commonly found in Aligarh. 
Further the identification of these nematophagous fungi will be 
confirmed at lARI, New Delhi. 
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Raising and Maintenance of Culture of Nematophagous Fungi 
The isolated fungi viz; Paecilomyces lilacinus, Cladosporium 
oxysporum, Gliocladium virens and Talaromyces flavus will be 
separately raised on Richards liquid niedium (Riker and Riker, 1936) 
having the following composition. 
Potassium nitrate - 10.00 g 
Potassium dihydrogen phosphate - 5.00 g 
Magnesium sulphate - 2.50 g 
Ferric chloride - 0.02 g 
Sucrose - 50.00 g 
Distilled water - 1,000 ml. 
The medium will be prepared and sterilized in an autoclave at 15 
lb pressure for 15 minutes in 250 ml Erlenmeyer flasks, each 
containing about 70 ml of Richard's medium. 
Small bits of fiingal mycelium of respective fungi will be 
inoculated into the Erlenmeyer flasks, and then incubated at 25±2°C 
for about 10 days to obtain sufficient amount of respective fimgi. 
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Preparation of Fungal Inoculum 
After incubating the flasks, the liquid medium will be filtered 
through Whatman's filter paper No. 1, the mycelium mat will be 
washed in distilled water to remove the traces of medium and gently 
pressed between the folds of blotting paper to remove the excess 
amount of water. Inoculum will be prepared by mixing 10 gm fungal 
mycelium in 100 ml of sterilized distilled water and blending it for 30 
seconds in a Warring blender (Stemerding, 1964). Thus, each 10 ml of 
this suspension will contain 1 g of fungus. 
Inoculation of Fungi in Presence or Absence of Nematodes 
Feeder roots of seedlings (two-week old), just before nematode 
inoculation will be exposed carefully by removing the top layer of soil 
and then required quantity of nematode suspension and/or fungal 
inoculum will be poured uniformly all around the exposed roots using 
sterilized pipette. Exposed roots will immediately be covered by 
levelling the soil properly. Untreated and uninoculated plants will 
serve as control. Each treatment will be replicated three times and 
suitably randomized on a glass house bench. Watering will be done as 
and when required. 
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PLAN OF WORK 
Plant parasitic nematodes are important menance in the 
production of agricultural crops. The losses caused by them are well 
recognized and are a matter of great concern in the agricultural 
economy of the world. The increasing human consumption of pulses as 
food has made the situation more critical. Root knot nematode 
{Meloidogyne incognita) are among the most significant of all plant 
parasitic nematodes that attack pulse crops, particularly pea. This grim 
situation certainly justifies the adoption of proper management tactics 
to tackle nematode problems; to maximize the crop yield; and thus to 
overcome the food shortage. 
Implication of Integrated Nematode Management (INM) 
procedures to alleviate nematode problems become more effective. 
INM procedures are based on the principles of prevention, population 
reduction, and tolerance, and to seek stability in populations of target 
nematodes at acceptable levels. 
Growing the cultivars, resistant to nematodes, provide an ideal, 
mean for maintaining nematode population densities below damaging 
levels. Its advantages are that it can drastically reduce nematode 
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population. Moreover, growers do not need an additional cost to 
protect their crops. 
Since, in my preliminary survey of pea growing areas of Aligarh, 
single and concomitant infection of Meloidogyne incognita and other 
plant parasitic nematodes were frequently encountered. Keeping in 
view, the importance of the crop and the association of the nematodes, 
it was considered to workout the pathogenecity of M. incognita, when 
present independently or concomitantly. The aim was to fmd out their 
role in the aggravation of plant damages, disease development and 
nematode multiplication. Pathogenicity tests are important to determine 
the threshold levels of pathogens. It is now widely realized that no 
single method of nematode control provides an adequate solution to 
most plant nematode problems, and that no single method is free from 
limitations. Thus, there is a great scope of combining two or more 
control measures in a complimentary manner for nematode control. 
Only a few attempts have been made on the integrated nematode 
management procedures. Accordingly it was also decided to test the 
efficacy of different combinations of two or more control measures. 
Available germplasm of pea crops was also screened to locate 
resistance against the test pathogen. 
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Following aspects will be included in the proposed plan of work 
1. A survey of pulse crop field of Aligarh and adjoining areas will 
be carried out to determine the occurrence and severity of plant 
parasitic nematode infestation along with fungi. 
2. Determination of economic threshold levels of Meloidogyne 
incognita on pea at different inoculum level. 
3. To study the effect of individual and combined inocululations 
with different inoculum levels of Meloidogyne incognita and 
fungi on pea. 
4. To study the effect of different combinations of pre-, post-, and 
simultaneous inoculations of Meloidogyne incognita, fungi and 
Rhizobium on disease development and plant growth. 
5. Screening of available pea varieties for determining resistance 
against the test pathogens. 
6. To study the combined effect of plant extracts and oil-cakes 
amendments on the control of root-knot nematode on pea. 
7. To study the combined effect of inorganic fertilizers and organic 
amendments on the control of root-knot nematode an pea. 
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8. To study the effect of integrated control of root-knot nematode 
on pea using nematophagous fungi {Paecilomyces lilacinus and 
Gliocladium virens). 
9. To study the combined effect of inorganic fertilizers and mixed 
cropping on the control of root-knot nematode on pea. 
10. To study the combined effect of green manuring, plant extracts 
and nematophagous fungi {Paecilomyces lilacinus and 
Cladosporium oxysporum) on control of root-knot nematode on 
pea. 
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EXPERIMENT NO. 1: 
Impacts of Fly Ash Amended Soil and 
Root-knot Disease on Growth, 
Yield and Chlorophyll Pigments of 
Pisum sativum. 
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INTRODUCTION C.^'^^^^^-^^i 
The edible pea {Pisum sativum L.) is a higli yielding pulse crop. 
Its unripe seeds are used as vegetables and the fresh vegetative parts as 
cattle feed. The ripe seeds are the rich source of proteins and 
carbohydrates. One hundred-gram dry seeds of pea contain 
carbohydrate 58.0, protein 24.1, fiber 4.9, fat 1.3 and water 11.7 grams. 
Pea gets infected by various bacteria and fungi that cause serious 
damages to plants, pods as well as the seeds. In addition, root-knot 
nematodes {Meloidogyne spp.) the potential disease causing agents 
also result in considerable damage to the pea crop. Two species of 
root-knot nematodes viz., Meloidogyne incognita and M javanica are 
more prevalent in Aligarh. Their infestation can be recognized easily 
by characteristic galls developed on infected roots. Pollution, the 
undesirable change in the physical, chemical and the biological 
characteristics of air, land and water (Odum, 1971) may affect human 
life or of plant or amimal species. Air pollution caused by combustion 
of the fossil-fuels is one of the most important global problems. Air 
pollution, like any other stress factor, leads to the impairment of cells 
and tissues. There are two broad categories of pollutants, particulate 
and gaseous. Both the pollutants, in developing countries are of great 
concern for the plants as they cause chlorosis and necrosis of leaves 
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when deposited in high amounts (Das, 1986). Qualitative and 
quantitative reduction in vegetables and fruits was reported by Heck et 
al., (1970) when the crop plants were grown in the close vicinity of the 
source of particulate emission. It has become certain that interactions 
between the pollutants, plants an microorganisms, including pathogens 
can affect pathogenesis (Heagle, 1973, 1982). The present study is the 
part of a series of experiments carried out to investigate the effects of 
fly ash and the root-knot nematodes on leguminous and non-
leguminous crops. In the following experiment, effects of fly ash 
amended soil and the root-knot nematode on plant growth, yield, and 
chlorophyll contents of P. sativum were examined. Fly ash application 
was also made to assess its efficacy towards the management of the 
root-knot disease. 
MATERIALS AND METHODS 
The root-knot nematode, (Meloidogyne incognita Kofoid and 
White) Chitwood was selected as a test pathogen and edible pea (Pisum 
sativum L.) as a test plant. Application of fly ash was made for the 
management of root-knot nematode (Meloidogyne incognita). 
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Axenization of Seeds 
Certified seeds of edible pea (Pisum sativum) obtained from 
National Seeds Corporation (New Delhi) were surface sterilized with 
NaOCl (Koenning and Barker, 1985). About 150 seeds were poured 
into sterilized beaker filled with 1:1 mixture of 95% ethanol and 5.25% 
NaOCl. The mixture was stirred gently and the seeds were allowed to 
soak for about 8-10 minutes. The mixture was drained off and the 
seeds were rinsed with sterilized distilled water. 
Germination of Seeds 
About 10-12 axenized seeds, presoaked in water, were placed on 
moist sterilized Whatmann filter paper kept in sterilized Petri-dishes. 
The seeds were allowed to germinate for 48 to 72 hours. The seeds, 
after germination, were allowed to grow until three-leaf stage. The 
germinated seeds were then transferred to 15 cm diameter clay pots 
filled with steam sterilized soil (7 clay : 3 sand: 1 farmyard manure) 
amended with different levels of fly ash (Table-1). 
Fly ash Collection 
For performing experiments, the fly ash was collected from the 
dumping site of coal based Kasimpur Thermal Power Plant, Aligarh. 
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The fly ash comprised of sand, silt and clay size particles in the 
proportion of 35%, 53%, and 12%, respectively. The pH of fly ash was 
8.5 that inclined towards the alkalinity. Fly ash (on v/v basis) was 
added into the soil in five different combinations viz., 10%, 20%, 30%, 
40% and 50%. 
Preparation of Nematode Inoculum 
Pure inoculum of Meloidogyne incognita by single egg mass 
culture was maintained on eggplant. Heavily infested roots of eggplant 
on which pure culture of M incognita was maintained served as the 
source of nematode inoculum. The egg masses from these infected 
plants were handpicked with the help of sterilized forceps. The egg 
masses after being washed with distilled water were placed in 10 cm 
diameter sieves lined with two layers of tissue paper. Freshly hatched 
second-stage juveniles were collected regularly after every 24 hrs. and 
transferred to a beaker. Water suspension of second-stage juveniles 
was thoroughly stirred to homogenize the suspension just before 
counting and the total number of nematodes per ml was counted under 
stereoscopic microscope. Average population of the nematodes in the 
suspension was estimated by taking means often countings. 
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One week-old seedlings of P. sativum were inoculated with 
2,000 freshly hatched second-stage juveniles of M ioncognita. The 
whole experiment was designed as follows: 
CI Uninoculated control plants grown in unamended soil 
C2 Inoculated control plants grown in unamended soil 
Tl 10% fly ash + 2,000 J2 
T2 20% fly ash + 2,000 J2 
T3 30% fly ash + 2,000 J2 
T4 40% fly-ash + 2,000 J2 
T5 50% fly ash + 2,000 J2 
Each treatment was replicated five times. The pots were kept in a 
complete randomized block design. Watering was done regularly as 
and when needed. The plants were harvested after 60 days. The plant 
length was measured by meter scale. Fresh weights were taken 
immediately with the help of single pan balance. The plants were cut 
into roots and shoots and were in bamboo paper envelopes, separately. 
These were dried in an incubator at 72 ^ C for 48 hrs. and then dry 
weight was taken with the help of physical balance. Number of flowers 
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and fruits was counted from blooming time till harvesting time. 
Amount of chlorophyll a and b was estimated by the method 
described MacLachlan and Zalik (1963). The data obtained were 
analyzed statistically at P=0.05 and P=0.01. 
OBSERVATIONS 
Plant Length 
Significant reductions in the root and the shoot lengths of C2, 
11, T2 and T4 at probability P=0.05, over uninoculated control (CI), 
were observed. Highest reduction (41.5% in roots and 33.2% in 
shoots), in comparison to uninoculated (CI) control, was noticed in C2 
plants inoculated with Meloidogye incognita. Extent of reduction 
became lower with the increase in fly ash level from 10% to 30% and 
beyond it (at 40% and 50% levels) the values became higher. Minimum 
reduction (20.9% in root and 9.7% in shoot), over uninoculated control, 
was recorded in T3 plant that were grown at 30% fly ash level. 
In comparison to inoculated control (C2), significant increase in 
the root (P=0.05) and shoot (P=0.01) lengths of T3 plants was 
recorded. In the treatments Tl, T2, T4 and T5, an enhancement in the 
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root and the shoot lengths was non-significant and almost negligible 
(Table 1). 
Fresh and dry weights 
Fresh weights of the roots and the shoots decreased significantly 
in all the treatments when compared with uninoculated control. The 
reductions were significant at P=0.05 in T3 and at P=0.01 in all other 
treatments. Reductions in fresh weights of the roots and the shoots 
were highest (46.2% and 55.0%, respectively) in T5 plants and lowest 
(14.3% and 14.8%, respectively) in T3 plants. In comparison to 
inoculated control (C2) non-significant differences were observed in 
Tl, T2 and T4 plants. Only T3 plants exhibited a significant (P=0.05) 
gain (23.25 and 27.1%) in the roots as well as the shoots, respectively. 
The T5 plants exhibited a significant (P=0.05) loss (22.4% and 16.4%, 
respectively) in the roots and the shoots. 
In comparison to uninoculated control, the dry weights of the 
roots and the shoots significantly (P=0.01) decreased in all the 
treatments except in T3 where the reduction was significant (P=0.05) 
but lower than other treatments. The reduction was highest in T5 plants 
grown at 50% fly ash level and lowest (21.1%) in T3 plants grown at 
30% level. There was a significant (P=0.01) increase in the dry weights 
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of the roots and the shoots (32.0% and 32.1%, respectively) at 30% fly 
ash level whereas at other fly ash levels the differences were non-
significant, when compared with inoculated control C2 (Table 1). 
Yield 
While comparing with uninoculated control (CI), it was found 
that yield in terms of number of flowers per plant decreased 
significantly (P=0.01) in all the treatments except in T3 which showed 
a non-significant reduction. The number of flowers per plant, in 
comparison to inoculated control (C2) increased non-significantly in 
Tl and T2 plants, significantly (P=0.01) in T3 and (P=0.05) in T4 
plants, and decreased significantly (P=0.05) in T5 plants. The yield in 
terms of number of fruits per plant lowered non-signifiantly in T3 plant 
and significantly (P=0.05) in T2, and (P=0.01) in C2, Tl , T4 and T5 
plants, when comparison was made with uninoculated control (CI). 
Highest reduction (61.5%) was recorded in T5 plants and lowest 
(8.58%) in T3 plants. In comparison to inoculated control (C2), yield 
was higher (33.8%) and significant (P=0.05) , in Tl , T2 and T4 the 
differences were non-significant, whereas in T5 plants the reduction 
was maximum (43.7%) and significant (P=O.Ol) (Table I). 
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Chlorophyll contents 
The data revealed that the amount of chlorophyll (a and b) 
decreased non-significantly in T3, when compared with uninoculated 
control but significantly (P=0.01) in C2, Tl , T4, (P=0.05) T2 and T4 
treatments. Highest reduction in chlorophyll a and b (24.7% and 
23.9%, respectively) was found in C2 and lowest (5.2% and 2.8%, 
respectively) in T3 plants. A comparison between inoculated control 
(C2) and other inoculated plants revealed that chlorophyll content 
increased significantly (P=0.01) at 30% fly ash level in T3 plants and 
non-significantly at other fly ash levels. Amount of chlorophyll a and b 
increased 20.8% and 27.8%, respectively in T3 plants as compared to 
(C2) inoculated control (Table 2). 
DISCUSSION 
The data revealed that the growth, yield and amount of leaf 
pigments decreased significantly in C2 plants of Pisum sativum 
inoculated with the root-knot nematode. Meloidogyne incognita and 
grown in unamended soil. The root-knot nematode thus caused 
reductions in all the parameters considered and resulted in stunting, 
poor growth, low yield and chlorosis. Stunting, chlorosis, poor grov^h 
and low lyield are the most conspicuous symptoms of the root-knot 
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disease as have been reported by several workers like Christie (1936), 
Wallace (1969), Olthof and Potter (1972). Appel and Lewis (1984), 
Samanathan and Sethi (1996). 
Pisum sativum inoculated with M. incognita and grown in fly ash 
amended soils responded differently to increasing amount of fly ash. 
Increase in fly ash in low amount from 10% to 30% improved plant 
lengths, fresh and dry weights of the roots and the shoots, number of 
flowers and number of fruits per plant and the amount of chlorophyll 
content in the leaves. This is an indication that addition of fly ash in 
lower concentrations amended physical characteristics and electro-
chemical properties of the sandy loam soil. Change in physico-
chemical characteristics of the soil produced growth-promoting effects 
on the plants. Soil amendment with low concentration of fly ash and 
then its positive effects on plant growth have been reported by Plank 
and Martens, (1974), Martens and Beahm, (1978), In our studies, we 
meant lower concentrations of fly ash from 10%) to 30%) levels and 
higher concentrations from 40%) to 50%. Furthermore, 30% fly ash 
level appeared to be the threshold level at which the values of plant 
growth yield and amount of green pigment were highest. Any deviation 
from 30% level either increase or decrease in fly ash concentration 
resulted in retardation in plant growth and other parameters considered. 
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Increase in plant growth after fly ash addition might be the result of 
incorporation of essential mineral elements that were supplemented 
into the soil and have been reported by Pasha (1990); Kalra et al. 
(1998). 
Higher concentrations (40% and 50%) of fly ash showed 
retardation in all the considered parameters as compared to T3 plants, 
however the values were still higher than C2, the nematode inoculated 
plants grown in unamended soil. This observation indicated that 
nematode inoculated plants responded positively to the fly ash even at 
its higher concentration. Amendment of soil with fly ash beyond a 
particular concentration, or more specifically beyond the threshold 
level, might be less cooperative to the plant growth, yield and other 
characteristics of the plant. This change was projected in the data as we 
compared the values at 40% and 50% from the values at 30% level. 
Mishra and Shukla (1986), Khan and Khan (1996) have reported 
adverse effects of higher concentrations (more than 50%) of fly ash on 
various crops. 
From the present study it might be inferred that fly ash addition 
into the soil changed its physical characteristics like texture, pore 
space, pH, and water-holding capacity. Fly ash also changed chemical 
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characteristics of soil like elemental composition bny incorporation of 
micronutrients and heavy metals. It also changed electrical 
characteristics like cation exchange capacity and charge distribution on 
the soil particles. All these changes made the soil more favourable to 
the plant, but only at lower concentrations. At higher fly ash 
concentrations these changes in soil proved harmful to the plants, most 
probably due to incorporation of heavy metals in excess amount or due 
to presence of toxic components. Contrary to the report of Khan and 
Khan (1997), fly ash addition, at a concentration more than 40%, into 
the soil did not improve but instead retarded the growth of nematode 
inoculated plants. The values of growth and other parameters of 
nematode inoculated plants grown in fly ash amended soil did not 
reach up to control level. Thus, fly ash when incorporated into the soil 
in low concentrations improved plant growth but at higher 
concentrations retarded the growth. 
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Table 1. Effect of fly ash and Meloidogyne incognita on growth of Pisum sativum. 
Parameters 
Treatments 
CI 
C2 
Tl 
T2 
T3 
T4 
T5 
LSD at 
P=0.05 
LSD at 
P=0.01 
Plant Length 
(cm) 
Root 
24.8 
14.5 
15.7 
17.1 
19.6 
16.7 
15.4 
3.4 
6.2 
Shoot 
63.4 
42.3 
46.1 
50.6 
57.2 
47.3 
.40.8 
8.3 
11.1 
Plant Fresh 
Weight (g) 
Root 
9.27 
6.42 
6.94 
7.24 
7.91 
6.93 
4.98 
1.34 
1.66 
Shoot 
19.76 
13.23 
14.04 
15.21 
16.82 
13.54 
11.05 
2.82 
4.71 
Plant Dry 
Weight (g) 
Root 
3.21 
1.93 
2.12 
2.21 
2.58 
1.74 
1.48 
0.46 
0.65 
Shoot 
6.71 
3.92 
4.23 
4.72 
5.28 
3.57 
2.88 
1.31 
1.76 
Each value is a mean of five replicates. 
Table 2. Effect of fly ash and Meloidogyne incognita on the yield and amount of 
chlorophyll of Pisum sativum. 
Parameter 
Treatments 
CI 
C2 
Tl 
T2 
T3 
T4 
T5 
LSD at 
P=0.05 
LSD at 
P=0.01 
Number of 
Flowers/Plant 
36.6 
25.4 
27.3 
28.6 
35.4 
29.3 
20.8 
3.1 
5.6 
Number of 
Fruits/Plant 
26.8 
18.3 
19.5 
21.3 
24.5 
16.2 
10.3 
3.6 
6.4 
Amount of chlorophyll 
(mg/g of leaf) 
a b 
0.589 
• 0.443 
0.475 
0.496 
0.582 
0.489 
0.464 
0.087 
0.114 
0.534 
0.406 
0.435 
0.463 
0.519 
0.451 
0.433 
0.061 
0.093 
Each value is a mean of five replicates. 
67 
<Bi6Ciograpliy 
BIBLIOGRAPHY 
Acosta, N. and Ayala, A. (1976). Effects of Pratylenchus coffeae and 
Sciitellonema bradys alone and in combination on guinea yam 
{Dioscorea rot uncial a). J. Nematoi. 8 : 315-317. 
Adcniji, M.O., Edwards, D.I., Sinclair, J.B. and Malik, R.B. 
(1975). Interrelationship of Heterodera glycines and 
Phytophthora megasperma var. sojae in soybeans. 
Phytopathology 65 : 722-725. 
Ali, M.A. Trabuisi, l.Y. and Eed-EIsamea, M.E. (1981). 
Antagonistic interaction between Meloidogyne incognita and 
Rhizobium leguminosarum on cowpea. Plant Disease 65:430-
435. 
Antonio, H. and Dall, A.A. (1982). Effect of seven levels of 
Meloidogyne incognita inoculation on two soya cvs grown in 
two pot sizes. Sociedade Brasilural de Nematologia. 41-49. 
Anvcr, S. and Alam, M.M. (1989). Studies on interrelationship 
between Meloidogyne incognita and Rotylenchulus reniformis on 
okra. Indian J. Nematoi. 19 : J-4. 
Appel, J.A. and Lewis, S.A. (1984). Pathogenicity and reproduction 
of Meloidogyne columbus and Meloidogyne incognita on 
"Davis" soybean. J. Nematoi. 16 : 349-355. 
Apt, W.J. and Koike, H. (1962). Pathogenicity of Helicotylenchus 
nanniis and its relation with Pythium graminicola on sugarcane 
in Hawaii. Phytopathology 52 : 1180-1183. 
68 
Arens, M.L., Rich, J.R. and Dickson, D.W. (1981). Comparative 
studies on root invasions root galling and fecundity of three 
Meloidogyne spp. on a susceptible cultivar. J. Nematol. 13 : 201-
205. 
Atkinson, G.F. (1992). Some diseases of cotton. Alabama Agricultural 
Experiment Station Bulletin, 41 : 61-65. 
Balasubramaniam, M. (1972). Root-knot nematodes and bacterial 
nodulation in soybean. Current Science 40 : 69-72. 
Baldwin, J .C, Barker, K.R. and Nelson, L.A. (1979). Effects of 
Meloidogyne incognita on nitrogen fixation in soybean. J. 
Nematol. 11 : 156-161. 
Bergeson, G.B. (1963). Influence of Pratylenchus penetrans alone and 
in combination with Verticillium albo-atrum on growth of 
peppermint. Phytopathology 53 : 1164-1166. 
Bhosle, B.B., Mukesh, S., Puri, S.N. and Das, S. (2004). Prevalence 
of phytophagous nematodes in rhizosphere of okra {Ahelmoschus 
esculentus L. Moench) in Parbhani District, Maharashtra, India. 
Indian J. Nematol. 341(1) : 56-59. 
Bird, G.W. and Jenkins, W.R. (1964). Occurrence, parasitism and 
pathogenicity of nematodes associated with cranberry. 
Phytopathology 54 : 667-668. 
Catibog, C.S. and Castillo, M.B. (1975). Pathogenicity of 
Meloidogyne javanica on mungbean (Phaseolus aurens) Roxb.). 
Philipp. Agric. 59 : 189-195. 
Chahal, P.P.K. and Chahal, V.P.S. (1989); Adverse effect of 
Meloidogyne incognitga on the functioning of nodules produced 
69 
by Rhizobium spp. on mungbean. Indian J. Nematol. 19 : 177-
179. 
Chahal, P.P.K. and Singh, I. (1984). Effect of population density of 
Meloidogyne incognita on pea in association with Rhizobium 
leguminosarum. J. Research Punjab Ag. Univ. 21 : 311-315. 
Chahal, V.P.S. and Chahal, P.P.K. (2003). Effect of different 
isolates of Streptomyces on the hatching of eggs of Meloidogyne 
incognita. Current Nematol. 14(1/2) : 107-108. 
Chapman, R.A. (1959). Development of Pratylenchus penetrans and 
Tylenchorhynchus martini on red clover and alfalfa 
Phytopathology 49 : 357-359. 
Chapman, R.A. and Turner, D.R. (1975). Effect of Meloidogyne 
incognita on reproduction of Pratylenchus penetrans in red 
clover and alfalfa. J. Nematol. 7:6-10. 
Christie, J.R. (1936). The development of root-knot nematode galls. 
Phytopathology 26 : 1 -22 
Conroy, J.J. and Green, R.J. Jr. (1974). Interactions of the root-knot 
nematode, Meloidogyne incognita and the stubby root nematode 
Trichodorus christiei with Verticillium albo-atrum on tomato at 
controlled inoculum densities. Phytopathology 64 : 1118-1121. 
Corrales, S.P., Francia-Varon, -de-A. and Nancy-Barrera, M. 
(1999). Survey and effect oi Meloidogyne spp. in lulo crop 
Solanum quitoense Lam. Acta Agron. Univers. Nacional-de-
Colombia. 49: 43-47. 
70 
Costa, M.J.N-da; Oliveira, S., Coelho, S.J. and Campos, V.P. 
(2001). Nematodes in ornamental plant roots. Ciencia-e-
Agrotech. 25: 1127-1132. 
Cuarezma-Teran, Z.A. and Trevathan, L.E. (1985). Effect of 
Pratylenchus zeae and Quinisulcius acutus alone and in 
combination on sorghum. J. Nematol. 17: 169-174. 
Darekar, K.S. and Jagdale, G.B. (1989). Reaction of pigeonpea and 
greengram varieties or lines against Meloidogyne incognita 
race-3. Int. Nematol. Network Newsl. 6 : 12-14. 
Das, P. and Phukan, P.N. (1982). Reaction of certain mung cultivar to 
root-knot nematode, {Meloidogyne incognita). Indian J. 
Nematol. 12 : 204-205. 
Das, S.N., Misra, CD. and Mohanty, K.C. (1979). Occurrence and 
host preference of some plant parasitic nematodes on pulse 
crops. Indian J. Nematol. 9 : 74. 
Das, S.N., Routary, B.N. and Sahu, H. (1986). Reaction of some 
green gram varieties to root-knot nematode, Meloidogyne 
incognita. Indian Phytopath. 39 : 126-128. 
Das, T.M. (1986). "Editorial-International Air Pollution Workshop" 
Chicago, Illinois, U.S.A., Indian Biologist. 18 : 145-150. 
Datta, S., Trivedi, P.C. and Tiagi, B. (1987). Nematodes of guar and 
mung in some areas of Rajasthan, India. Int. Nematol. Network, 
Newsl. 4 : 12-16. 
Devrajan, K. and Seenivasan, N. (2002). Biochemical changes in 
banana roots due to Meloidogyne incognita infected 
Paecilomyces lilacinus.Q\inQTiX^QXRQXo\.\'i\\-5. 
71 
Dhangar, D.S. and Gupta, D.C. (1983). Pathogenicity of 
Meloidogyne javanica to chickpea {Cicer arietinum) in relation 
to soil types Rhizobium treatments, size of plants and time 
interval. Indian J. Nematol. 13 : 161-170. 
Dwivedi, K. and Upadhyay, K.D. (1988). Pathogenicity of the root-
knot nematode Meloidogyne incognita on french bean. Int. 
Nematol. Network Newsl. 5 : 20-21. 
Eisenback, J.D. (1983). Loss of resistance in tobacco cultivars ' N C 
95 by infection of Meloidogyne arenaria on M. hapla. J. 
Nematol. 15 : 478 (Abst.). 
Eisenback, J.D. (1985). Interactions among concomitant populations 
of nematodes, pp. 193-213 In "An Treatise on Meloidogyne Vol. 
I : Biology and Control" Eds. Sasser, J.N. and Carter, C.C, 
North Carolina State University Graphics, U.S.A. 422 pp. 
Eisenback, J.D. (1993). Interactions between nematodes in 
cohabitance Pp. 134-174 In "Nematode Interactions" ed. M.W, 
Khan Pp. Chapman and Hall, London. 377 Pp. 
Estores, R.A. and Chen, T.A. (1970). Interaction of Pratylenchus 
penetrans and Meloidogyne incognita acerita as coinhibitants in 
tomato. J. Nematol. 4 : 170-174. 
Fazal, M. and Husain, S.I. (1991). Studies on the effect of co-
inhabitation of Meloidogyne incognita and Rotylenchulus 
reniformis on lentil. Current Nematol. 2 : 73-76. 
Fazal, M., Siddiqui, M.R. and Husain, S.I. (1991). Pathogenic effect 
of Meloidogyne incognita (Kofoid and White, 1919) Chitwood, 
1949 on lentil. Current Nematology. 2 : 51-52. 
72 
Ferris, V.R., Ferris, J.M. and Bernard, R.L. (1967). Relative 
competitiveness of two species of Pratylenchus in soybean. 
Nematologica. 13 : 143 (Abst). 
Freckman, D.W. and Chapman , R.A. (1972). Infection of red clover 
seedlings by Heterodera trifolii (Goffort) and Pratylenchus 
penetrns (Cobb). J. Nematol. 4: 23-28. 
Ganguly, S. and Khan, E. (1989). Concomitant occurrence of 
populations of Heterodera cajani and Hoplolaimus indicus on 
pulse crops in India. Int. Nematol. Network Newsl. 6:15-16. 
Garcia, R. and Mitchell, D.J. (1975). Interactions of Pythium 
myriotylum with Fusarium solani, Rhizoctonia solani and 
Meloidogyne arenaria in pre-emergence damping-off of peanut. 
Plant Disease Reporter, 59 : 665-669. 
Gaur, H.S., Mishra, S.A. and Sud, J.C. (1979). Effect of date of 
sowing on the relationship between the population density of 
the root-knot nematodes, Meloidogyne incognita and the growth 
of three varieties of chickpea, Cicer arietinum. Indian J. 
Nematol. 9 : 152-159. 
Gnanapragasam, N.C., Sivapalan, P. and Dharmasena, W.A.M. 
(1985). Screening of different cultivars of blackgram 
{Phaseolus mungo L.), greengram {Phaseolus aurens Rox. L.) 
and cowpea (Vigna catiang. Walp.) for resistance or 
susceptibility to Meloidogyne spp. Int. Nematol. Network 
Newsl. 2 : 22-25. 
*Goffart, H. (1932). Untersuchungen am Hafes nematoden 
Heterodera schachtii Schm. Under besonderer Berucksichtigung 
73 
der schleswigholsteinischen Verhaltnisse. III. Arbeiten aurder 
biologischen Reichsanstalt fur land. Und forstwirtschaft Berlin-
Dahlem. 20 : 1-28. 
Goode, M.J. and Mc Guire (1967). Relationship of root-knot 
nematodes to pathogenic variability in Fusahum oxysporum f. 
sp. lycopersici. Phytopathology 57 : 812 (Abst.). 
Goswami, C , Singh, L., Goswami, B.K. and Singh, N. (2002). 
Role of soil fungi in the management of root-knot 
nematode, Meloidogyne incognita. Plant Archives. 2: 241-243. 
Griffin, G.D. (1983). Inter-relationship of Heterodera schachtii and 
Meloidogyne hapla on tomato. J. Nematol. 17 : 385-388. 
Gupta, D.C. and Yadav, B.S. (1980). Pathogenicity of Rotylenchulus 
reniformis on cowpea. Nematol. Medit. 9 : 91-93, 
Gupta, D.C, Paruthi, I.J. and Verma, K.K. (1986). Reaction of 
mungbean germplasm and its pathogenicity against Meloidogyne 
javanica. Indian J. Nematol. 16 : 194-196. " 
Heagle, A.S. (1973). Interactions between air pollutants and plant 
parasites. Annu. Rev. Phytopathol. 11: 365-388. 
Heagle, A.S. (1982). Interactions between air pollutants and plant 
parasitic disease. In "Effects of Gaseous Air Pollution in 
Agriculture and Horticulture". Eds. M.H. Unsworth and D.P. 
Ormrod. Butterworthh Scientific Publishers, London. 
Heck, M.W., Daines, R.H. and Hindawi, I.J. (1970). Other 
Phytotoxic Pollutants. In "Recognition of air pollution injury 
to vegetation.: A pictorial Atlas" Eds. J.S. Jacobson and 
74 
A.C. Hill. Air pollution Contr. Assoc. Pittsburgh, Pennsylvania, 
U.S.A. 
Huang, J.S. (1987). Interactions of nematodes with rhizobia. pp. 301-
306 In "Vistas on Nematology" Eds. J.A. Veech and D.W. 
Dickson. Society of Nematologists, Hyattsville, E.O Painter 
Printing Co, DeLeon Springs, Florida 509 pp. 
Hussaini, S.S. and Seshadri, A.R. (1975). Inter-relationship between 
Meloidogyne incognita and Rhizobium sp. on mungbean 
{Phaseolus aurens). Indian J. Nematol. 5 : 189-199. 
Hussaini, S.S. and Seshadri, A.R. (1976). Resistance in some 
mungbean {Vigna radiatd) and breeding lines to the root-knot 
nematode, Meloidogyne incognita. Indian J. Nematol. 6 : 131-
137. 
Hussey, R.S. and Barker, K.R. (1974). Effects of nematodes with 
different feeding on nodulation of legume. J. Nematol. 6 : 143 
(Abst.) 
Hussey, R.S. and Barker, K.R. (1976). Influence of nematodes and 
light sources on growth and nodulation of soybean. J. Nematol. 8 
: 48-52. 
Ibrahim, I.K.A. and Lewis, S.A. (1986). Interrelationships of 
Meloidogyne incogtnita and M. arenaria on tolerant soybean. J, 
Nematol. 18: 106-111. 
Inagaki, H. and Powell, N.T. (1969). Influence of the root-lesion 
nematode on black shank symptom development in flue cured 
tobacco. P/zy^opaf/zo/ogy, 59 : 1350-1355. 
75 
Jain, R.K. and Bhatti, D.S. (1986). Screening of cowpea germplasm 
against root- knot nematode, Meloidogyne javanica. Indian J. 
Nematol. 16 : 113-114. 
Janarthanan, R. (1972). Occurrence of pigeon pea cyst nematode in 
Tamil Nadu. Indian J. Nematol. 2 : 215, 
Jatala, P. and Jensen, H.J. (1976). Parasitism of Beta vulgaris by 
Meloidogyne hapla and Heterodera schachtii alone and in 
combination. J. Nematol. 8 : 200. 
Jatala, P., Kaltenbach, R. and Bocangel, M. (1979). Biological 
control of Meloidogyne incognita acrita and Globodera 
rostochiensis on potatoes. J. Nematol. 11 : 303 (Abst.). 
Jenkins, W.R. and Coursen, B.W. (1957). The effect of root-knot 
nematodes, Meloidogyne incognita acrita and M. hapla, on 
Fusarium wilt of tomato. Plant Disease Reporter 41 : 182-186. 
Jiji, T. and Venkitesan, T.S. (1989). Pathogenic effect caused by 
root-knot nematode {Meloidogyne incognita) and reniform 
nematode {Rotylenchulus reniformis) alone and in combination 
on brinjal. Indian J. Nematol. 19 : 95- 99. 
Johnson, A.W. and Nusbaum, C.J. (1968). The activity of 
Tylenchorhynchus claytoni, Trichodorus christici, 
Pratylenchus brachyurus, P. zeae and Helicotylenchus 
dihystera in single and multiple inoculation on com and soybean. 
Nematologica 14 : 9 (Abst). 
Johnson, A.W. and Nusbaum, C.J. (1970). Interaction between 
Meloidogyne hapla, M. incognita and Pratylenchus brachyurus 
in tobacco, J. Nematol. 2 : 334-340. 
76 
Jorgenson, E.G. (1970). Antagonistic interaction of Heterodera 
schachtii (Schmidt) and Fusarium oxysporum (Well.) on sugar 
beet. J. Nematol. 2 : 393-398. 
Kaira, N., Joshi, H.C., Choudhary, A. Choudhary, R. and Sharma, 
S.K. (1998). Fly ash a soil conditioner and fertilizer. Bioresource 
Technol. 61 : 163-167. 
Kaushik, H.D. and Bajaj, H.K. (1980). Nematodes associated with 
pulse crops in Haryana. Indian J. Nematol. 10 : 92-96. 
Kerry, B., Atkins, S., Mauchline, T., Morton, O. and Hirsch, P. 
(2004). Variation in Pochonia chlamydosporia and its potential 
as a biocontrol agent for root-knot nematodes. Bulletin-
OILB/SROP. 27: 127-132. 
Kerry, B.R. (2001). Exploitation of the nematophagous fungal 
Verticillium chlamydosporium Goddard for the biological control 
of root-knot nematodes {Meloidogyne spp.). Fungi as biocontrol 
agents-Progress, Problems and Potential. P. 155-167. 
Khair, A.M. and Osman, H.A. (1977). Interaction of Meloidogyne 
incognita and Rotylenchulus reniformis on tomato. Nematol. 
Medit. 5 : 113-116. 
Khan, F.A. (1986). Some host records of the reniform nematodes, 
Rotylenchulus reniformis in India. Int. Nematol. Network 
Newsl. 3 : 24-25. 
Khan, M.L. and Sharma, G.C. (1996). Plant parasitic nematodes 
associated with medicinal plants in Himachal Pradesh. Pest 
v»j^ » Azad i 
Management and Economic Zoology 4:7'^r§Di-^^^'^^^v_, 
Khan, M.M. and Verma, A.C. (2003). Isolates of fungi from 
eggmasses of root-knot nematode, Meloidogyne incognita in 
pointed gourd. Farm Science Journal. 12 : 60-61. 
Khan, M.R. and Akram, M. (2000). Effects of certain antagonistic 
fungi and Rhizobacteria on wilt disease complex of tomato 
caused by Meloidogyne incognita and Fusarium oxysporum f. sp. 
lycopersici. Nematol. Medit. 28: 139-144. 
Khan, R.M. and Khan, M.W. (1990). Eco-relationships among 
coinhabiting plant pp. 167-193 nematodes in crop 
pathosystems In "Progress in Plant Nematology" Eds. S.K. 
Saxena, M.W. Khan, A. Rashid and R.M. Khan, CBS Publishers 
and Distributors, New Delhi, 616 pp. 
Khan, M.R. and Khan, M.W. (1996). Effect of fly ash on plant 
growth and yield of tomato. Enviro, Pollut. 91 : 105-111. 
Khan, M.R. and Khan, M.W. (1997). Management of root-knot 
disease of tomato by the application of fly ash in soil. Plant 
Pathol. 46 : 33-43. 
Khan, T.A. and Husain, S.I. (1986). Parasitism of Meloidogyne 
incognita by Fusarium solani. Int. Nematol. Network Newsl. 
3 : 24-26. 
Khanna, A.S. and Meenu, S. (1997). Heracleum candicans wall, a 
UQ^ host oi Meloidogyne incognita. Indian J. Hill Farming 10: 
106. 
Khoury, F.Y. and Alcorn, S.M. (1973). Effect of Meloidogyne 
incognita acrita on the susceptibility of cotton plants to 
Verticillium albo-atrum. Phytopathology 63 : 485-490. 
78 
Kinloch, R.A. and Allen, M.W. (1972). Interaction of Meloidogyne 
hapla and M.javanica infecting tomato. J. Nematol. 4:7-16. 
Koenning, S.R. and Barker, K.R. (1985). Gnotobiotic techniques for 
plant parasitic nematodes, pp. 49-66. In "Advanced Treatise on 
Meloidogyne. Vol. II : Methodology" Eds. K.R. Barker, C.C. 
Carter and J.N. Sasser. A cooperative publication of the 
Department of Plant Pathology and the U.S.A.I.D., N.S.C.U. 
Graphics, 223 pp. 
Koshy, P.K. (1967). A new species of Heterodera from India. Indian 
Phytopathology. 20 : 212-11 A. 
Koshy, P.K. and Swarup, G. (1971). Distribution of Heterodera 
avenue, H. zeae, H. cajani and Anguina tritici in India. Indian J. 
Nematol. 11 : 147-153. 
Kumar, S. And Sivakumar, C.V. (1981). Disease complex involving 
Rotylenchulus reniformis and Rhizoctonia solani in okra. 
Nematol. Medit. 9 : 145-149. 
Labruyere, R.E., Den Ouden, H. and Seinhorst, J,W. (1959). 
Experiments on the interaction of Hoplolaimus uniformis and 
Fusarium oxysporum. f. sp. pisi Race-3 and its importance in 
(early yellowing) of pea. Nematologica. 4 : 336-343. 
Li, X.D., Zhai, L.X. and Li, Q. (1998). Study on the populations of 
rhizosphere nematodes of banana in Yunnan. J. South-China-
Agr. Univ. 19(4): 32-35. 
MacLachlan, S. and Zaiik, S. 1963. Plastid structure, chlorophyll 
concentration and free amino acid composition of a chlorophyll 
mutant of barley. Can. J. Bot. 41 : 1053-1062. 
79 
Mani, A. and Sethi, C.L. (1984). Influence of seed treatment on 
seedling emergence of chickpea in presence of Meloidogyne 
incognita, Fusarium oxysporum f. sp. ciceri, F. solani. Indian J. 
Nematol. 14 : 68-69. 
Mani, A. and Sethi, C.L. (1985). Reaction of certain chicikpea 
varieties and selections to Meloidogyne incognita. Indian J. 
Nematol. 15 : 107. 
« 
Martens, D.C. and Beahm, B.R. (1978). Chemical effects on plant 
growth in fly ash incorporation into soil. In "Environmental 
Chemistry and Cycling Processes". Eds: O.C. Adriano and I.L. 
Brisin. FRIDA Symposium Ser. Conf., 760 and 29 U.S. Dep 
Commerce, Springfield VA. 
Mc Gawley, E.C. and Chapman, R.A. (1976). Development of 
concomitant populations of Helicotylenchus pseudorobustus, 
Pratylenchus projectus and Criconemoides similis on soybean. J. 
Nematol. 8 : 296 (Abst). 
Mc Intyre, J.L. and Miller, P.M. (1976). Competitive interaction of 
Tylenchorhynchus claytoni and Pratylenchus penetrans in 
tobacco roots. Phytopathology 66 : 1427-1430. 
Melakeberhan, H., Webster, J.M. and Brooke, R.C. (1985). 
Response of Phaseolus valgaris to a single generation of 
Meloidogyne incognita. NQmatologica. 31 : 190-202 
Michell, R.E. and Powell, W.M. (1972). InfiuQncQ of Pratylenchus 
brachyurus on the incidence of Fusarium wilt in cotton. 
Phytopathology 62 : 336-338. 
80 
Miller, P.M. (1970). Rate of increase of a low population of 
Heterodera tobaccum reduced by Pratylenchus penetrans in the 
soil. PL Dis. Reptr. 54 : 25-26. 
Minton, N.A. and Minton, E.B. (1963). Infection relationship 
between Meloidogyne incognita acrita and Fusarium oxysporum 
f. vasinfectum on cotton. Phytopathology, 53 : 624 Abst.). 
Minz, G. and Strich-Harari, D. (1958). Inoculation experiment with 
mixture of Meloidogyne spp. On tomato roots. Klovim. 9 : 275-
279. 
Mishra, L.C. and Shukla, R.N. (1986). "Effect of fly ash deposition 
on growth, metabolism and dry matter production of maize and 
soybean. Environ. Pollut. 42 : 1-13. 
Mishra, S.D. and Gaur, H.S. (1981). Effect of individual and 
concomitant inoculation with Meloidogyne incognita and 
Rotylenchulus reniformis on the growth of black gram, Vigna 
mungo. Indian J. Nematol. 11 : 25-28. 
Misra, C. and Das, S.N. (1977). Interaction of some plant parasitic 
nematodes on root-knot development in brinjal. Indian J. 
Nematol. 7 : 46-53. 
Mukhopadhyay, M.C. and Haque, M.D.S. (1974). Nematodes 
associated with field crops, fhiits and fodder crops in West 
Bengal. Indian J. Nematol. 4 : 104-107. 
Mulk, M.M. and Jairajpuri, M.S. (1974a). Nematodes of leguminous 
crops in India I. A new species of Telotylenchus Siddiqi, 
1960 (Telotylenchinae : Belanolaimidae), Indian J. Nematol. 4: 
167-170. 
81 
Mulk, M.M. and Jairajpuri, M.S. (1974b). Nematodes of leguminous 
crops in India II. Five new species of Helicotylenchus, Steiner, 
1945 (Hoplolaimidae). Indian J. Nematol. 4 : 212-221. 
Mulk, M.M. and Jairajpuri, M.S. (1975a). Nematodes of leguminous 
crops in India III. Three new species of Hoplolaimus, Daday, 
1985 (Hoplolaimidae). Indian J. Nematol. 5:1-8 
Mulk, M.M. and Jairajpuri, M.S. (1975b). Nematodes of leguminous 
crops in India IV. Two new species of Rotylenchus, Filipjev, 
1936 (Hoplolaimidae). Indian J. Nematol. 5 : 9-14. 
Nagauma, B.W. and Saka, V.W. (1986). Reaction of some local land 
races of pigeonpea to root-knot nematode, Meloidogyne 
javanica. Int. Nematol. Network Newsl. 3 : 29-31. 
Nagesh, M., Reddy, P.P., Kumar, M.V.V. and Nagaraju, B.M. 
(1998). Management of Meloidogyne incognita on Polianthes 
tuberosa using parasitic fungus, Paecilomyces lilacinus in 
combination with oil cakes. Environ. Implic. Thur., Bangalore, 
India, P. 339-344. 
Nath, R.P., Banerjee, A.K., Haider, M.G. and Sinha, B.K. (1979). 
Studies on the nematodes of pulse crops in India. I. 
Pathogenicity of Me/oiWogyne mcogniYa on gram. Indian 
Phytopath. 32 : 28-31. 
Nath, R.P., Haider, M.G. and Prasad, S.S. (1974). Combined effect 
of Hoplolaimus indicus and Fusarium moniliforme on maize 
plant. Indian. J. Nematol. 4 : 90-93. 
82 
Neal, D.C. (1954). The reniform nematode and its relationship to the 
incidence of Fusarium wilt of cotton at Baton Rouge, Louisiana. 
Phytopathology 44 : 447-450. 
Nematol.l4(l/2) : 107-108. 
Nesmith, W.C.; Zehr, E.I. and Dowles, W.M. (1981). Association of 
Macroposthonia xenoplax and Scutellonema brachyurum with 
peach tree short life syndrome. J. Nematol. 13 : 220-225. 
Ngundo, B.W. and Taylor, D.P. (1975). Some factors affecting 
penetration of bean roots by larvae of Meloidogyne incognita and 
M. javanica. Phytopathology 65 : 175-178. 
Noling, J.W. (1987). Partitioning crop losses. Pp. 64-74 In "Vistas on 
Hematology. Eds. JA Veech and DW -Dickson Society of 
Nematologists, Hyattsville. E.O. Painter Printing Co. DeLeon 
Springs, Florida 509 Pp. 
Norton, D.C. (1958). The association of Pratylenchus hexincisus with 
charcoal-rot of sorghum. Phytopathology 48 : 355-358.S 
O'Bannon, J.H., Radewald, J.D., Tomerlin, A.T. and Inserra, R.N. 
(1976). Comparative influence of Radopholus similis and 
Pratylenchus coffeae on citrus. J. Nematol. 17 : 128-129. 
Odum, E.P. (1971). In "Fundamentals of Ecobgy". W.B. Saunders 
Company, U.Ss.A. pp. 574, 
Olthof, T.H.A. and Potter, J.W. (1972). Relationship between 
population densities of Meloidogyne hapla and crop losses in 
summer maturing vegetables in Ontario. Phytopathology 55 : 
765-776. 
83 
Paez, N., Arcia, A.M. and Meredith, J.A. (1976). Individual and 
combined effect of Meloidogyne incognita and M javanica on 
four tobacco cultivars {Nicotiana tabacum L.). Nematropica 6 : 
68-76. 
Panda, M. and Sheshadri, A.R. (1979). Effect of initial inoculum 
level of Rotylenchulus reniformis on different growth attributes 
of cowpea, mungbean and urid. Indian J. Nematol. 9 : 59-60 
(Abst). 
Pandey, R. and Haseeb, A. (1997). Plant parasitic nematodes 
associated with three medicinal plants and the pathogenicity 
of root-knot nematode. Indian J. Nematol. 27 : 53-57. . 
Pasha, M.J. (1990). Studies on interaction of some air pollutants, 
Sphaerotheca fuliginea and Meloidogyne javanica on cucumber. 
Ph.D. thesis. Aligarh Muslim University, Aligarh. 
Pathak, K.N., Nath, R.P. and Haider, M.G. (1985). Effect of initial 
inoculum level of Meloidogyne incognita and Rotylenchulus 
reniformis on pigeon pea and their interrelationship. Indian J. 
Nematol. 15: 177-179. 
Persson, C. and Jansson, H.B. (1999). Rhizosphere colonization and 
control of Meloidogyne spp. by nematode trapping fungi. J. 
Nematol. 31 : 164-171. 
Phukan, P.N. and Hazarika, M.H. (1985). Reaction of some 
wingbean varieties to root-knot nematode, Meloidogyne 
incognita. Indian J, Nematol. 15 : 246. 
84 
Pinochet, J., Raski, D.J. and Goheen, A.C. (1976). Effect of 
Pratylenchus vulnus and Xiphinema index singly and combined 
on vine growtii of Vitis vinifera. J. Nematol. 8 : 330-335. 
Plank, CO. and Martens, D.C. (1974). Boron availability as 
influenced by application of fly ash to soil. Soil Sci. Coc. Ann. 
Proc. 38 : 974-977. 
Polychronopoulos, A.G.; Houston, B.R. and Lownsbery, B.F. 
(1969). Penetration and development of Rhizoctonia solani in 
sugarbeet seedlings infected with Heterodera schachtii, 
Phytopathology 59 : 482-485. 
Poornima, K. and Sivagami,V.(1999). Occurrence and seasonal 
population behaviour of phytonematodes in turmeric (Curcuma 
longa L.). Pest Management in Horticultural Ecoisystems. 5: 
42-45. 
Powell, N.T., Melendez, P.L. and Batten, C.K. (1971). Disease 
coplexes in tobacco involving Meloidogyne incognita and 
certain soil-born fungi, Phytopathology 61 : 1332-1337. 
Rajendran, G., Subramaniam, S. and Ramakrishnan, S. (2001). 
Biocontrol efficacy of rhizosphere bacteria, Bacillus spp. against 
Meloidogyne incognita in brinjal and chilli. South Indian 
Horticulture. 49 (special) : 285-287. 
Ramana, K.V.; Mathur, S.C. and Rao, Y.S. (1974). Role of 
Hoplolaimus indicus on the severity of seedlings blight in rice. 
Curr. Sci. 43 : 687-688. 
Rao, M.S., Shylaja, M. and Dhananjay-Naik (2003). Managemen t 
of nematode induced wilt disease complex in tuberose 
85 
{Polianthes tuberosa L.) cultivar prajwal using Pochonia 
chlamydosporia {Verticillium chlamydosporium) and 
Trichoderma harzianum. J. Ornam. Hort. New series. 6 : 341-
346. 
Rashid, H., Khan, F.A. and Khan, A.M. (1973). Plant parasitic 
nematodes associated with vegetables, fruits, cereals, and other 
crops in North India I. Uttar Pradesh. Indian J. Nematol. 3 : 8-
23. 
Raut, S.P. and Sethi, C.L. (1980). Studies on the pathogenicity of 
Meloidogyne incognita on soybean. Indian J. Nematol. 10 : 166-
174. 
Ravichandra, N.G., Krishnappa, K., SaifuHa, M. and Anil Kumar, 
T.B. (1987). Evaluation of field pea varieties for resistance to 
root-knot nematode, Meloidogyne incognita. Int. Nematol. 
Network Newsl. 4 : 7-11. 
Reddy, P.P. (1985a). Analysis of crop losses in tomato due to 
Meloidogyne incognita. Indian J. Nematol. 15 : 55-59. 
Reddy, P.P. (1985b). Estimation of crop losses in pea due to 
Meloidogyne incognita. Indian J. Nematol. 1 : 199-208, 
Riker, A.J. and Riker, R.S. (1936). In "Introduction to Research on 
Plant Disease" New York; John Swift Co. p 117. 
Rodriguez-kabana, R. and Thurlow, D.L. (1982). Effect of 
Hoplolaimus galeatus and other nematodes on yield of selected 
soybean cultivars. Phytopathology 72 : 172 (Abst). 
86 
Routaray, B.N., Nayak, D.K. and Das, S.N. (1987). Resistance of 
horsegram varieties against Meloidogyne incognita. Indian J. 
Nematol. 17 : 333. 
Samanathan, G.J. and Sethi, C.L. (1996). Growth of mungbean as 
influenced by different initial inoculum levels of 
Meloidogyne incognita. Ind. J. Nematol. 26 : 32-40. 
Schmidt, K.H. and Lewis, S.A. (1981). Dynamics of concomitant 
populations of Hoplolaimus columbus, Scutellonema 
brachyurum and Meloidogyne incognita on cotton. J. Nematol. 
13 : 41-46. 
Sethi, C.L. and Swarup, G. (1968). Plant parasitic nematodes of 
North Western India, I. The genus Tylenchorhynchus. 
Nematologica 14 :11-1^. 
Sethi, C.L. and Swarup, G. (1971). Plant parasitic nematodes of 
North Western India, III. The genus Pratylenchus. Indian 
Phytopathology 24: 410-412. 
Sethi, C.L. and Sharma, N.K. (1975). Effect of initial inoculum-
levels of Meloidogyne incognita and Heterodera cajani on 
cowpea and their population development. Indian J. Nematol. 5 : 
148-154 
Sharma, G.C. (1998). Spatial distribution of nematodes in plum 
orchards. Pest-Management in Horticultural Ecosystems. 4 : 120-
125. 
Sharma, N.K. and Sethi, C.L. (1976). Reaction of certain cowpea 
varieties to Meloidogyne incognita and Heterodera cajani. 
Indian J. Nematol. 6 : 99-102. 
87 
Sharma, S.B. (1985). A World list of nematode pathogens associated 
with chickpea, groundnut, pearl millet, pigeonpea and sorghum. 
In Pulse Pathology Progress Report 42. ICRISAT. 
Siddiqui, I.A. and Shaukat, S.S. (2004). Suppression of Meloidogyne 
incognita by Pseudomonas fluorescens strain CHAO and its 
genetically modified derivatives: II. Nematol. Medit. 32(1) : 
127-130. 
Siddiqui, M.R., Siddiqui, Z.A. and Husain, S.I. (1989). A report on 
the occurance of Heteroderoid Nematodes in Madhya Pradesh 
state of India. Int. Nematol. Network Newsl. 6 : 30. 
Siddiqui, Z.A. and Husain, S.I. (1992). Interaction between 
Meloidogyne incognita race-3, Macrophomina phaseolina and 
Bradyrhizobium sp. in the root-knot complex of chickpea 
{Cicer arietinum) Fundam. Appl. Nematol. 15 : 491-494. 
Siddiqui, Z.A. and Mahmood, I. (1992). Effect of different inoculum 
levels of Meloidogyne incognita race-3' on the growth of 
chickpea. Nematol. Medit. 20 : 189-191. 
Sikora, R.A., Taylor, D.P., Malik, R.B. and Edwards, D.I. (1972). 
Interaction of Meloidogyne naasi, Pratylenchus penetrans and 
Tylenchorhynchus agri on creeping bentgrass. J. Nematol. 4 : 
162-165. 
Singh, B.P. (1999). Plant parasitic nematodes associated with 
Leucaena leucocephala (Lam.) and Albizia procera L. Benth. 
Annals of Forestry. 7: 153-154. 
Singh, D.B., Reddy, P.P. and Rajendran, R. (1979). Reaction of 
certain wing-bean 
88 
varieties to the root-knot nematode, Meloidogyne incognita. 
Indian J. Nematol 9 : 43-45. 
Singh, I., Chahal, V.P.S., Sakhuja, P.K. and Chohan, J.S. (1977). 
Effect of different levels of Meloidogyne incognita in the 
presence and absence of Rhizobium phaseoli on Phaseolus 
aurens. Indian J. Nematol. 7 : 172-174. 
Sivakumar, C.V. and Khan, E. (1981). Two new species of 
Scutellonema (Nematode: Tylenchida) from Tamil Nadu, India. 
Indian J. Nematol. 11 : 47-52. 
Srivastava, A.S., Upadhyay, K.D. and Singh, G. (1974). Effect of 
root-knot nematode Meloidogyne javanica on gram crop. Indian 
J. Nematol. 4:248-251. 
Stemerding, S. (1964)*. En. Mixer-Wattern filter methods on 
vizbeeglike endoparasitaire nematoden uit wortels verzameten. 
Versl. Meded. Plzicklieink Dinest. Wageningen : 141. 
Taha, A.H.Y. (1963). Nematode interactions with root nodule bacteria, 
pp. 175-202 In "Nematode Interactions". Ed. M.W. Khan 
,Chapman and Hall, London. 377 pp. 
Taha, A.H.Y. and Kassab, A.S. (1980). Interrelations between 
Meloidogyne incognita, Rotylenchulus reniformis and Rhizobium 
sp. on Vigna sinensis. J, Nematol. 12 : 57-62. 
Taha, A.H.Y. and Sultan, S.A. (1977). Population of Rotylenchulus 
reniformis and Tylenchulus semipenetrans on grape seedlings 
as influenced by coincident infestation. Nematol. Medit. 5 : 
253-257. 
89 
Taylor, D.P. and Wyllie, T.D. (1959). Interrelationship of root-knot 
nematodes and Rhizoctonia solani on soybean emergence. 
Phytopathology, 49 : 552 (Abst.). 
Thakar, N.A., Patel, H.R. and Patel, C.C. (1986). Plant growth of 
chickling vetch {Lathyrus sativus) as influenced by initial 
inoculum levels oi Meloidogyne incognita. Indian J. Nematol. 16 
: 121-122. 
Thakar, N.A., Patel, H.R. and Patel, C.C. (1987). Reaction of 
Chickpea and Fenugreek varieties or Lines to root-knot 
nematodes. Indian J. Nematol. 17 : 143. 
Tiyagi, S.A. and Alam, M.M. (1987). Pathogenicity of Rotylenchulus 
reniformis to two cultivars of chickpea. Int. Nematol. Network 
Newsl. 5 : 22-24. 
Tiyagi, S.A. and Alam, M.M. (1988). Pathogenicity of root-knot 
nematode Meloidogyne incognita to mungbean. Int. Nematol. 
Network Newsl. 5 : 22-24. 
Upadhyay, K.D. and Swarup, G. (1981). Growth of wheat in the 
presence of Merlinius brevidens singly and in combination with 
Tylenchorhynchus vulgaris. Indian J. Nematol. 11 : 42-46. 
Van Gundy, S.D. and Tsao, P.H. (1963). Growth reduction of citrus 
seedlings by Fusarium solani as influenced by the citrus 
nematode and other soil factors. Phytopathology 53 :488-
489. 
Vargas-Ayala, R., Rodriguez-kabana, R. Morgan-Jones, G.Mc 
Inoroy, J.A. and Kloepper, J.W. (2000). Shifts in soil 
microflora induced by velvetbean (Mucuna deeringiana) in 
90 
cropping systems to control root-knot nematodes. Biological 
Control. 17: 11-22. 
Wallace, H.R. (1969). The influence of nematode number and soil 
particle size, nutrient and temperature on the production of 
Meloidogyne javanica. Nematologica 17 : 154-
Yang, H., Powell, N.T. and Barker, K.R. (1976). Interactions of 
concomitant species of nematodes and Fusarium oxysporum f. 
sp. vasinfectum on cotton. J. Nematol. 8 : 74-80. 
Yousif, G.M. (1979). Histological responses of four leguminous crops 
infected -with Meloidogyne incognita. J. Nematol. 11 : 395-
401. 
Zaidi, S.B., Ahmed, S., Khan, S. and Siddiqui, M.B. (1988). 
Comparative studies on the extent of damage caused by root-
knot and reniform nematodes on chickpea. Int. Nematol. 
Network Newsl. 5 : 12-13. 
* Original not seen 
91 
